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LATENT LEARNING OBSERVED THROUGH NEGATIVE TRANSFER! 
KARL F. MUENZINGER anp DONALD G. CONRAD ; 


ANA 


The University of Colorado 


The purpose of this study was to test for 
latent learning in the Blodgett-type situation 
by shifting, at the time of introduction of 
reward, one of the previously unrewarded 
groups of animals to a different maze. If there 
is latent learning in the no-reward period 
negative transfer should occur in the shifted 
group, and a measure of latent learning should 
be the difference in errors between the shifted 
and unshifted groups, rather than the rate 
of error reduction in the unshifted group ac- 
cording to the usual procedure. 


THE MAIN EXPERIMENT 


Method 
Subjects 


The subjects were 70 naive, hood i- 
mately 90 days old. Thirty-cight ao 32 males 
mee distributed fairly evenly among seven groups. 
y were handled daily so that they were thoroughly 
aat the beginning of training. One week prior to 
in ime their feeding schedule was established. For 
st each subject was placed singly in a feeding cage 
Gare more water and dog chow were present than it 
oe Sonne For the ie of the day it was kept with 
eet as a a living cage where water was 


Apparatus 


p The apparatus consisted of two six-unit mazes, 
f ne of which was the mirror image of the other as shown 
n Figure 1. The walls and curtains were 5 in. high and 
painted gray. The baffes at the end of the blind alleys 
Sere panke, maie pr one side and black on the other. 
n maze A the black sides, and in maze hite 
sides, faced the blinds, and the opposite poten es 
the approach to the exit from a particular unit. Th 

goal boxes were white for maze A and black fot me 
B. Two sets of these boxes were used. The me nich 
Was used during the no-reward period never citie 
food. By moving the baffles to the opposite side, and 
by interchanging the right and left halves of the 1 

and also the goal boxes, one floor plan could be phanged 
to its mirror image. (In a preliminary experiment, which 
$ not reported here, we obtained evidence of negative 
ransfer when hunger-food motivated rats wert first 


1 The authors wish to thank the Council on Re- 
Search and Creative Activity of the University of 


Olorado whose financial su t i 
pie pport made this study 


` successive, errorless trial 


trained in one maze and then shifted to the othermaze.) 
The maze was not nailed to the floor but stood on a 
large brown piece of battleship linoleum on which it 
was shifted to a different location from trial to trial 
in order to eliminate tracking and facilitate cleaning. 


General Method of Maze Training 


After the feeding schedule had been established, 
and about 22 hr. after the last feeding, the animal 
was placed in the starting box. After 10 sec. the door 
was opened and the animal was allowed to proceed to 
the goal box. Whenever the subject entered a new unit 
of the maze and made a choice, the sliding door behind 
it was closed. The total time from start to goal was 
taken, and each entry into a blind alley was noted. 
The criterion for an error was pushing the curtain 
aside and facing the bend in the blind. Each day there 
were five runs, after which the animal was detained 
for 1 hr. in a carrying cage before being placed in the 
feeding cage. Reward in the goal box consisted of 
chewing at a large pellet of dog chow for 1 min. 


Experimental Design 


The design of the experiment followed in general the 
one originally used by Blodgett (1). There were seven 
groups of ten animals, and in each group five animals 
started in maze A and five in B. There was one control 
group which was rewarded from the beginning. The 
unrewarded animals were divided into six groups, two 
being rewarded on the second day, two on the third, 
and two on the fourth. They will be referred to as the 
1-day, 2-day, and 3-day groups according to the 
number of days preceding the introduction of reward. 

The important innovation was the shifting of one- 
half of the animals to the second maze when reward 
was introduced, while the other half continued in the 
same maze. It was expected that those 1-day, 2-day, 
and 3-day groups which were shifted to the other maze 
on the first day of reward would show negative trans- 
fer, whereas each of the three comparable groups 
which continued in the same maze on that day would 
show the often observed sharp drop of errors. We shall 
refer to the two sets of groups as the shifted and un- 
shifted ones. 

Table 14 presents a survey of 
tal design. 

Training was continu 


the entire experimen- 


ed until a criterion of three 
ls was reached. 


Group Matching 

The matching of groups during the no-reward periods 
was achieved by assigning the first two-thirds of the 
ts at random to the different groups and the 


subjec! 
e-third in such a way that the mean error scores 


Jast on 
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were equalized. The result of this matching procedure 
was that the means of errors on the first nonrewarded 
day ranged from 17.9 to 18.5 for six groups, on the 
second day from 15.9 to 16.3 for four groups, and on 


the third day from 13.2 to 13.6 for two groups, as shown 
in Table 14. 


INCHES 


Fic. 1. Floor plan of maze A. In the first unit the 
curtains are indicated by C, the baffle by B, and the 
sliding doors by D. S and G indicate the starting and 
goal boxes. 

The floor plan of maze B is the mirror image of 
maze A, 


Results 


In general the results in terms of errors 
present the following picture. The decline of 
errors in the control group was marked and 
steady from the start. The 1-day, 2-day, and 
3-day groups which were continued in the 


same maze showed a slight decline during 
each of the three no-reward periods, followed 
by a sharp reduction of errors as soon as food 
was introduced. The three comparable groups 
which were shifted to a different maze did 
not behave uniformly. Contrary to expecta- 
tion, the 1-day and 2-day shifted groups were 
like the comparable unshifted ones. It was 
only the 3-day shifted group that behaved as 
predicted by showing definite interference on 
the fourth day when the maze was shifted at 
the same time that reward was introduced. 
The details of this picture are presented in 
Tables 1 and 2 in terms of four separate meas- 
ures, all involving errors. 

The first measure, which needs some justifi- 
cation, consists of the mean errors per subject 
per day of four trials only instead of five. The 
first trial of the day is omitted in order to 
make the daily records more directly compar- 
able. The first trial on the first day of the 
reward period cannot really be counted as a 
“rewarded” run inasmuch as there was no food 
expectation. 

In all unshifted groups we find the typical 
sharp drop in errors from the last day of no 
reward to the day of introduction of reward 
(Tables 14 and 2A). The first two days of the 
1-day group may also be compared with those 
of the 2-day group. On their first day in the 
maze their records are the same by matching. 
On their second day of training the rewarded 
l-day group made 11.6 errors, and the un- 
rewarded 2-day group 16.3, which represents 
a significant difference at the .02 level (Table 
2C). A similar comparison can be made on the 
third day of training between the 2-day and 
3-day groups. - 
pectation, there was also a 
f errors from the unrewarded 
days in the 1-day and 2-day 
001 and .01 levels), whose 
Ctically the same as those of 
roups: There was no inter- 
running in a different maze 
itions. 

-day shifted group that inter- 
ference was evident. The drop of errors when 
the maze was changed and reward was intro- 
duced Was slight and insignificant as compared 
with the sharp drop in the unshifted group. 
There was a significant difference between the 
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shifted and unshifted groups (.02 level) in 
contrast to the absence of similar differences 
in the 1-day and 2-day groups (Table 2B). 
The second measure consists of the means of 
errors per subject on the last single trial of the 
no-reward period and the first single trial on 
the following day when food was introduced. 
It must be remembered that on this first trial 
no food expectation existed although food 
had been placed in the goal box. Table 1B-a 


The fourth measure, which is recorded in 
Table 1B-c, is concerned with an analysis of 
blind alleys entered. In all groups, ‘except the 
3-day shifted one, the number of blinds is 
reduced on the first trial of the first reward 
day. Of special interest is the comparison of 
the 3-day unshifted and shifted groups. On 
the last trial of the day prior to reward the 
same number of blinds is entered by both 
groups. On the next day there is a drop in the 


TABLE 1 
A. Means of Errors per Subject per Day of Four Trials 
CONDITION ae | 1-DAY GROUPS 2-DAY GROUPS 3-DAY GROUPS 
No Reward 17.9 17.9 
18.0 17.9 16.3 15.9 
18.4 18.5 16.3 15.9 13.2 13.6 
Maze Reward same | shifted | same | shifted | same | shifted 
11.9 11.6 11.3 9.9 10.6 8.0 12.2 
9.5 8.9 10.6 8.3 9.0 6.3 9.7 
B. Errors on the Last Trial Before and First Trial with Reward* 
a. Mean errors per subject: 
Before reward 3.0 3.3 
With reward* a He wa 3 37 42 
b. Number of subjects whose errors: ` ` f 
Increased 1 1 2 3 2 7 
Remained the same 1 3 Í 2 2 1 
Decreased 8 6 7 5 6 2 
c. No. of blinds entered: 
Before reward 3.7 Te oY 2.8 
With reward* SEE EN ae 18 | 3.7 
New on this trial 10 10 0.9 17 o5 2.6 
C. Means of Trials per Subject to Reach the Criterion of Learning 
No-reward period: 
ae 50.7 | 49.5 | 58.2 | 57.8 | 52.9 | 58.2 
= 47.2 | 45.7 | 44.5 | 48.2 | 47.8 | 38.9 | 43.2 


*On the first trial wi 7 
he first trial with reward there was food in the goal box, but no food expectation existed. 


shows a consistent error re 
groups except the 3-day shift 
The third measure, which 
1B-b, consists of the number 
errors increased, remained t 
creased from the last trial of the 
Period to the first trial of the ee 
Again, the 3-day shifted group has a record 
different from the others: Seven out of ten 
Subjects made more errors, whereas in all 


groups the number ranged from one to 
Tee, 


duction for all 
ted groups. 

is given in Table 
of animals whose 
he Same, and de- 


number of blinds entered by the group which 
continued in the same maze, and a rise in the 
one which was shifted to another maze. The 
difference between the two groups is significant 
at the .001 level (Table 2B). 

A still more striking record of interference 
in the 3-day shifted group is the number of 
new blinds entered when the maze was shifted. 
Here, again, the difference between the shifted 
and unshifted groups is significant at the .001 
level. To anticipate our interpretation, the 
animals had begun to learn the true path on 
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the third unrewarded day, and when the maze 
was shifted on the fourth day, they continued 
what were formerly correct turns, but which 
now led into blind alleys. 

In the other groups the records of blinds 
entered was consistent with those of the other 
measures with one possible exception. The 
number of new blinds entered by the 2-day 
shifted groups was twice as large as that of 
the unshifted group. The difference was barely 
significant at the .05 level. However, the total 


found that on the first day the 2-day groups 
had 102 such repetitions, and on the second 
day, 88. The 3-day groups had 111, 88, and 
57 repetitions, respectively, on their first 
three no-reward days. 

The means of the trials required to reach 
the criterion of learning are given in Table 
1C. If one compares the control, 1-day, and 
2-day groups, the striking fact seems to be 
that the length of the learning period when 
measured from the introduction of reward is the 


TABLE 2 
Significance of Differences 


1-DAY GROUPS 2-DAY GROUPS 3-DAY GROUPS 
VARIABLES = 
Diff. t ? Diff. 4 p Dif. t p 
A. Between means of errors on last day i 
unrewarded, and first day re- 
warded in: 
Unshifted groups 6.8 7.4 | .001 6.4 | 5.5 | .001 5.3] 5 
Shifted groups 72 | 5.0 | 01] sa) 34 a tal gal 
B. Between unshifted and shifted 
groups: 
M f first 
PE of errors on first rewarded | 0.3 0.7 =i 2.7 | .02 
Means of blinds entered: 
On first trial of first rewarded k 7 
He st rewarde 0.3 OF | 14 —1.9| 9.6] .001 
New on this first trial 0 —0.8 | 2.1 05 2.1 | 10.0 | .001 


C. Between means of errors of unshifted 1-day and 2-da 


rewarded): 


D = 11.6 — 16.3 = 4.7 


and between unshifted 2-day and 3-day groups on third day of training (rewarded vs. unrew. 


D = 9.9 — 13.2 = 3.3 


y groups on second day of training (rewarded vs. un- 


t=224 p= 02 


arded): 


t=224 p= 05 


D. Between one day and the next in the 2-day an 


day al \ d 3-day grou 
errors were insignificant with no p better than .20, 


ps during the no-reward period the differences in 


number of blinds entered decreased as it did 
in the other four groups. " 

During the no-reward period there was a 
drop in error scores from one day to the next 
in the 2-day and 3-day groups. The differences 
are not significant, but they show a definite 
trend (Table 2D). Relevant to this record is 
the observation that along with the decline 
in total errors went a reduction from day to 
day of the number of immediately repeated 
entries of blind alleys in the same trial. When 
all five trials per day were considered, it was 


same in these three 
unshifted 3-day gro 
should expect if lea 


groups. It is lower in the 
up, and this is what one 


: rning the correct pathwa: 
a start before introduction of id, rd 
Indicated by negative transfer in the shifted 
group. Contrariwise, one should expect the 
number of trials in the shifted 3-day group to 
be the largest, which is not the case. All of 
these results on trials indicate mere trends 
Inasmuch as the differences are not statistically 
significant. 


Records on running times are not reported 


. 
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because this criterion is not as relevant to the 
problem as are errors. Differences between 
the two mazes and between the sexes were 
found to be minimal and are not reported. 


Discussion 


Statistical reliabilities on which major con- 
clusions are based in this study are of the .02 
level of confidence or better. If the small 
samples of ten in each group and the large 
individual differences of the subjects are 
considered, it seems that any level poorer 
than .02 would hardly be acceptable. 

Negative transfer occurred only in the shifted 
3-day group. Whatever was learned during 
the no-reward period interfered with running 
in the new maze in this group but not in the 
1-day and 2-day groups. The conclusion seems 
justified that this learning involves the correct 
pathway because it is only the learning of the 
correct path that can produce negative transfer 
when the path is altered. Another conclusion 
would be that this learning takes place largely 
at a late phase of the no-reward period. 

In the 2-day shifted group there is only one 
slight indication of interference. The number 
of new blinds entered on the first trial of the 
third day, when the maze was shifted, was 
almost twice that of the unshifted group (Table 
1B). But all other measures indicate absence 
of negative transfer: The number of errors 
on the third day was smaller than on the second 
day; the number of errors on the first trial of 
the third day was smaller than on the last 
trial of the second; and the number of subjects 
whose errors decreased or stayed the same was 
seven out of ten. It would therefore seem safe 
to conclude that learning of the true path did 
not occur during the no-reward period of the 

-day shifted group. However, one should 
bear in mind that the 6-unit maze used may 
not be as sensitive an instrument as a larger 
one might have been (6) and that a more sensi- 
tive instrument might have detected learning 
of the true path at an earlier stage. 

Learning during the no-reward period was 
clearly observable, as it has been in other 
Studies of the Blodgett-type situaticn sum- 
marized by Thistlethwaite (6). That the things 
learned at this state have to do with general 
maze experience seems well substantiated 
(2, 4). Especially relevant here are the ob- 


uw 


servations of MacCorquodale and Meehl 
“that when special precautions are taken to 
avoid giving any of the usual kinds of rein- 
forcement, the rat nevertheless shows a sig- 
nificant tendency to ‘learn’ the maze in the 
sense that when subsequently run in either 
direction, he tends to avoid the culs.” As to 
the factors producing such general learning, 
as we have called it, they suggest “that it is 
difficult to conceive of them as being based on 
anything other than the differential effects 
of unimpeded running versus stopping and 
turning around” (3, p. 371). In the present 
experiment not only were similar observations 
made, but additional evidence was seen in 
the steadily decreasing number of repeated 
entries into the same blind alleys at any one 
trial as reported above. $ i 
In this experiment we are obviously dealing 
with two kinds of learning, a general kind 
which involves things that make subjects 
maze-wise, and a specific kind which involves 
the true path. The onset of the two kinds 
does not seem to coincide, the general kind 
starting right at the beginning of training and 
the learning of the true path at a later stage. 
Latent learning, that is, learning which is not 
directly observable and which occurs without 
reinforcement, must be considered with respect 
to the two kinds of learning separately. In- 
creased efficiency, in the general kind of learn- 
ing of how to run in any maze, was clearly 
observable and evidently manifest even though 
no reward was provided by the experimenter. 
What might be the reinforcement for this 
kind of learning has been suggested by Mac- 
Corquodale and Meehl, as quoted above, and 
also more recently by J. P. Seward (5, p. 140). 
It is the specific kind, the learning of Me 
true path, which the results of this ee 
permit us to call latent. The behavior of the 


subjects during the no-reward periods was the 


same in all groups. And yet, on the first oy 
of reward, and when the maze was shifted, 
there was no negative transfer in the 1-day 
and 2-day groups, but there was in the 3-day 
group. This result indicates that learning the 
true path had definitely occurred on the third 
no-reward day in the 3-day group. Inasmuch 
as this learning was not observable previously 
and occurred without obvious reinforcement, 
we may call it latent. We said “without ob- 
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vious reinforcement.” The reinforcement 
theorist will, of course, always be able to sug- 
gest some kind of need reduction, which may, 
however, not be capable of experimental 
demonstration. 

On the basis of the evidence another definite 
conclusion emerges. A significant drop of 
errors, when reward is introduced after a period 
of no reward, cannot as such be considered as 
evidence of latent learning of the correct pathway. 
Paraphrasing this conclusion we might say 


TABLE 3 


A. Means of Errors per Subject per Day of Last 
Four Trials 


| CONTROL GROUP 


EXPERIMENTAL 
DAY | REINFORCEMENT 
Maze} Errors | Maze | Errors 
i 
1 No reward 18.4 | 17.6 
2 Reward same] 11.6 same | 9.7 
3 Reward same 8.9 shifted, 13.6 


B. Errors per Subject on Single Trials 


a. Means of errors: 
On last trial, 2nd day same} 2.3 same 24 
On first trial, 3rd day same] 1.9 shifted] 4.0 


b. On 1st trial third day, no. 


subjects subjects 

of subjects whose same shifted| 

errors: 
Increased 2 9 
Remained the same 4 1 
Decreased 4 0 

c, Number of blinds blinds blind 

entered: 
On last trial, 2nd day same} 2.1 same 1.8 
On first trial, 3rd day same} 1.9 shifted] 3.2 
New on this trial same} 0.7 2.1 


shifted! 


that one part of our results clearly confirms 
those of Blodgett, while just as clearly another 
part contradicts his interpretation. A signifi- 
cant drop of errors occurred on the first re- 
warded day of the 1-day and 2-day unshifted 
groups, but it also occurred in the similar 
shifted groups, which is an indication that 
learning the true path had not begun prior to 
this day. The rapid drop of errors (and time) 
as such has been taken by Blodgett (1) and 
others (6) as evidence of latent learning. If 
their explanation is not tenable, as our study 
indicates, the question arises, What is the 
reason for a significant error drop when re- 
ward is introduced? A plausible answer seems 
to be that if in the no-reward period there has 


been only learning of a general kind of how 
to run in a maze, the introduction of reward 
will bring about the specific learning of the 
true path. The hypothesis that this is the 
major cause for the drop in errors at this stage 
will be tested in an additional experiment 
below. 

The continuity issue and latent learning are 
found to appear intriguingly related in this 
study. The lack of negative transfer in the 
l-day and 2-day groups indicates that there 
was neither continuity in the learning of the 


TABLE 4 
Significance of Differences 


CONTROL GROUP | EXPERIMENTAL 


VARIABLES 


Dif.| s | p | Dim.) t) p 


a. Means of errors: | | 
Between days 1 | 


BT oe reaa 6.8/7.4 |.001| 7.9.7.9 |.001 
Between days 2j 


BAIS careers set | 2.7/5.0 |.001/—3.9)2. 54) .03 
Between last trial of 
2nd day and first | 
trial of 3rd day. .| 0.4| .95 —1.64.7 |.001 
————— Te 
b. Between control and 
experimental on first 
trial of 3rd day: | 
Means of errors... | | 
Means of blinds. i 
entered | 


aas o g | —1.3,2.6 |.02 
Means of new blinds, | 


entered | | =1.4'2.78).02 


—2.1/4.5 |.001 


correct pathway, 
learning under n 
the first ten trial 
five trials of the 
tinuity and late 
light. This result 
latent learning o 
tinuity is necess 
ever such latent 
is also absent. 


nor was there any latent 
o-reward conditions during 
s. It was only after the next 
3-day groups that both con- 
nt learning were brought to 
might suggest that whenever 
f the true path occurs, con- 
arily present, and that when- 
learning is absent, continuity 


AN ADDITIONAL EXPERIMENT 


In the preceding discussion it was noted 
that there occurred a significant drop of errors 
où the day the subject found food in the goal 
box, even if the true path of the maze had not 
been learned on the preceding one or two days 
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without reward. It was suggested that the 
introduction of reward in such a case might 
start the learning of the true path. 

In order to test this hypothesis, another ex- 
perimental group of rats was given training 
similar to that of the old 1-day unshifted group. 
Like this group, which may be considered as the 
control, the new group was given no reward 
on the first day followed by reward on the 
second day in the same maze, but unlike the 
control, it was shifted to the other maze on 
the third day, after which it was continued 
with unchanged conditions for two more days. 

In terms of errors, the experimental and 
control groups were alike on the first two days. 
On the second day, when reward was intro- 
duced, both showed a significant error drop. 
It was on the third day of training, when the 
maze was shifted in the experimental group, 
that its error score rose as predicted, while the 
errors of the control group continued to drop. 
The rise in errors on four trials from the second 
to the third day just misses being significant 
at the .02 level (¢ is 2.54 instead oF the re- 
quired 2.55), whereas the rise from the 1 
trial of the second day to the first trial of the 
third day is significant at the 001 level. Of 
Special interest again is the number of new 
blinds entered on the first trial of the third 
day which is larger than the total number of 
blinds entered on the last trial of the second 
day, that is, 21 as against 18 (Tables 3 and 4). 

These results may be interpreted as fol- 
lows. The negative transfer caused by the 
shifting of the maze in the experimental 
group after one day of reward indicates pre- 
vious learning of the true path. That this 
specific learning had not Started already on the 
first day of training when no reward was given 
was demonstrated in the original experiment 
by the 1-day shifted stoup which showed no 
negative transfer. That this specific learning 
would not have started on the second da: of 
training without reward was teal ih 
by the 2-day shifted group which did not show 
negative transfer. It must therefore have been 
the introduction of reward on the second da 
of training that started the learning of the 
true path. 

Considering the records of these groups and 
the special conditions of the experiment, we 
may conclude that if there has been no learn 
Ing of the true path on the unrewarded five 


ast 


trials of the first day, the introduction of re- 
ward on the second day of training will bring 
about the beginning of such learnirfg, put the 
further withholding of reward will not do so. 

We do not claim that the introduction of re- 
ward was without effect upon the efliciency of 
what we have called the general kind of learn- 
ing. Quite obviously, however, its more striking 
effect was upon the learning of the true path. 

The additional experiment was necessitated 
by some of the results of the main experiment. 
Using a theoretical approach, J. P. Seward 
has recently been led to state that “the re- 
inforcement theorist still has to explain the 
sharp elimination of errors which sometimes 
accompanies” the introduction of reward (5, 
p. 140). We submit that a partial explanation 
is suggested by the results of this experiment. 


SUMMARY 


The general purpose of this study was to 
test the occurrence of latent learning during 
the no-reward period in a Blodgett-type situa- 
tion by shifting one half of the subjects, when 
reward was introduced, to a new maze whose 
floor plan was a mirror image of the one in 
which training began. There were three periods 
of no-reward, one, two, and three days of five 
trials each. For each period there were two 
groups of ten naive hooded rats on a 22-hr. 
food deprivation regime: one of the groups was 
shifted to a new maze on the day of introduc- 
tion of reward while the other one was con- 
tinued in the old maze. A control group was 
trained with reward from the start. 

Negative transfer occurred only in the group 
that had been trained with no reward for three 
days. In the 2-day and 1-day no-reward groups 
the performances of the animals that were 
shifted to a new maze and of those that were 
not shifted, were alike in showing the same 
significant reduction of error when food was 
introduced. 

The following conclusions were reached: 

1. Manifest learning which was observed 
from the start, during the no-reward period of 
the first days, was of a general kind which is 
best characterized by saying that the subjects 
were becoming maze wise. 

2. The learning of the correct pathway was 
latent; it could be detected only through 
negative transfer and occurred at a later stage 
in the no-reward period. 
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3. Taken by itself, the reduction of errors, 
when reward is introduced, is no proof that 
latent leafning has occurred during the no- 
reward period. 

The question of how to account for the 
significant error drop on the first day of re- 
ward in the one-day and two-day no-reward 
groups was answered by an additional experi- 
ment, the results of which indicate that intro- 
duction of reward starts the learning of the 
true path, when continuance of no-reward 
would not do so at this phase of training. 
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THE EFFECT OF MAGNITUDE OF REWARD ON MAZE LEARNING 
IN THE WHITE RAT 


ERNEST FURCHTGOTT anp RICHARD D. RUBIN 
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Among problems in contemporary learning 
theory few have been more elusive than the 
role which is to be assigned to rewards. In 
Hull’s Principles of Behavior (2, p. 131) we 
find that habit Strength, sp, is a positive 
growth function of the magnitude of the re- 
inforcing agent. However, in the 1949 revision 
of the postulates (3) sHp is no longer deter- 
mined by the magnitude of the reinforcing 
agent; the latter now enters directly into the 
equation for reaction potential, sEp. Seward 
(8) has recently written a critical review of the 
literature pertaining to the role of rewards in 
learning and performance, 

In a number of previous studies it was found 
that simple locomotor performance is a func- 
tion of the magnitude of reward (1, 9, 10). 
Similarly, Reynolds (7) reports that the learn- 
ing of a simple T maze Proceeds more rapidly 
with a 160-mg. pellet as an incentive than with 
a 30-mg. pellet. However, in a black-white 
discrimination problem (6) no such differences 
in the rate of acquisition could be observed. 
Reynolds accounts for these differences in 
terms of an R-hypothesis, which states that 
only in the case of learned responses which are 
replicates of the final response to the re- 
inforcing agent is the amount of reinforcement 
a factor. The running response in a T maze is 
considered to be a replicate of the final response 
to the reinforcing stimulus. Seward (8) criti- 
cizes the equivocal nature of this hypothesis. 

Search of the literature failed to disclose 
any studies in which the quantity of reward 
was varied in more complex learning Situations. 
The purpose of the present study is, therefore, 
to determine the effect of varying the magni- 
tude of the reward on multiple-response learn- 
ing in the white rat. 


METHOD 


Apparatus 


A two-unit linear-alley T maze with sw 
trace doors was employed. A floor plan 
indicating the major dimensions, is show 


inging nonre- 
of the maze, 
n in Figure 1, 


The sides of the maze were made of pine boards painted 
black, and the flooring was orange linoleum. The doors 
were made of Plexiglas and painted black. The entire 
maze was covered with hardware cloth. 

Half the Ss in each experimental group to be de- 
scribed below were trained to run through the maze 
on a left-right pattern, the other half on a right-left 
pattern. 


Fic. 1. Floor plan of the maze. Key: S, starting 
box; ---, door; G, goal box. 


Subjects 


One hundred and thirty naive albino rats, including 
males and females, 60 to 110 days old at the start of 
the experiment were used in this study. The Ss were 
obtained from the colony maintained by the Home 
Economics Department at the University of Tennessee. 

The Ss were maintained on an approximately 22-hr. 
food-deprivation schedule. They received a total of 9 
gm. of Purina Dog Chow daily. This included the 
amount fed during training. 


Procedure 


In an initial experiment two groups of Ss, one re- 
ceiving 2,500 mg. and the other 250 mg. of food reward 
were tested. Since the performance of the two groups 
was similar, additional groups with differing amounts 
of reward were tested. This paper reports the pooled 
data obtained from several experimental series. 

Preliminary training. The Ss were pretrained nE 
18-in.-long runway which was constructed exactly like 
the maze alleys described above. A nonretrace door, 
like the doors in the maze, was suspended at the A 
trance to the goal box, which was similar to the one nae 
in the maze. The Ss were first given several trials a à 
the doors open; next, the doors were pushed open by E; 
and, finally, Ss were trained to push the doors Se 
themselves. The groups which during the training trials 
ran to a 2,500-mg. and to a 250-mg. incentive, ao 
tively, received a 25U-mg. pellet in the goal sae le 
the groups which ran to a 75-mg., = -mg. 
incentive, respectively, received a 75-mg. pellet. 

Several training trials were given daily for four days. 
At the end of this training period all Ss which were to 
be used in the experiment were proficient in pushing the 
doors open. 
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Training. Prior to training Ss were assigned at 
random to various reward groups. Initially there were 
41 Ss in a 2,500-mg., 29 in a 250-mg., 42 in a 75-mg., 31 
in a 20-mg., and 12 in a 0-mg. incentive group. However, 
during the course of training several Ss (proportion- 
ately more in the smaller-reward groups) were 
traumatized when their heads got caught under the 
swinging doors. These Ss were removed from the study. 
A total of 37 Ss in the 2,500-mg., 26 in the 250-mg., 34 
in the 75-mg., 22 in the 20-mg., and 11 in the O-mg. 
reward group completed the training series. 


1.6 


parent that the learning speeds of the four ex- 
perimental groups were very similar. It may 
also be seen that it was the food pellet which 
acted as the main incentive for learning, for 
the 0-mg. group, which otherwise received the 
same treatment as the rewarded groups, 
showed a much slower progress in error elim- 
ination. That the control group should also 
exhibit some learning is not surprising in view 


0.8 


MEAN ERRORS 


0.6 


0.4 
Omg (N=11) 
20mg (N=22) 
a2 75mg (N=34) 


250mg (N=26) 
© 2500mg (N=37 


TRIALS 
Fic. 2. Mean number of errors per group 


Each S received one trial per day until it reached the 
criterion of three consecutive errorless trials, after which 
it was removed from the training series but was kept on 
the records as having made zero errors on subsequent 
trials, All training was discontinued after 25 days. 

The incentives used were dry Purina Dog Chow 
pellets of a size appropriate for each experimental group. 
After S had consumed the rewal in the goal box, it 
was returned to its home cage where it was fed its daily 
ration about 1 hr. after completing its training trial. 


RESULTS 


Figure 2 presents the mean number of errors 
per S for the training series. It is quite ap- 


of previous similar 
and Meehl (4), 
Aside from the to 
another indicator als 
similarity in the lear 


findings by MacCorquodale 


tal number of errors, 
o argued for the basic 
ning rates of the experi- 
Vow groups. Seventy-five per cent of the 
500-mg., 76.9 per cent of the 250-mg., 76.5 
per cent of the 75-mg., 77.3 per cent of the 
20-mg., and only 18.2 per cent of the 0-mg. 
8roup attained the criterion of three consecu- 
tive errorless trials during the training period. 
The average number of trials required for 


a mpe 
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170 


11 


160 


150 


Omg (N=37) 


140 


20mg (N=26) 
75mg (N=34) 


130 


120 


250mg (N=22) 
@ 2500mg (N=11) 


100 


MEDIAN SECONDS 


Fic. 3. Median time scores per group 


those Ss that did reach the criteri 
criterion was 15.7 
for the 2,500-mg. group, 14.6 for the 250-mg. 


group, 15.3 for the 75- 
for the 20-mg. group. TOE: SMP, and 164 


Figure 3 represents the median time scores 


he data do not meet 
for az test of statis- 


, the nonparametric 
. = 5 
Whitney U test (5) was applied isisouen. tke 


various groups, using th 

Trials 10, 15, 20, and 25, Tie this 
— oon Sa in Table 1, 5 

may be seen that the di in ti 

Scores between the T pera 250-me 
Stoups and the differences between the 75mg. 
and the 20-mg. groups are not significant Tis 
ever, the differences between either of the a 
large-reward groups and the two smaller-re- 
ward groups do show a definite trend in favor 
of the larger-reward groups. 


N 
aea LLE] 
1 
x © T 6 a G 25 
TRIALS 
TABLE 1 
Results of Significance Tests for Time Scores 
TRIAL NO. 
GROUPS p — $ 
COMPARED 10 15 20 25 
ND*| » ND)» = ? = 
= —| a EN 
20-mg.-75-mg. ... 0.89 | 271.04 -23 (0.32) .38 0.29) .38 
20-mg.-250-mg. ..} 2.28 | .03/3.04 -001 2.65, 01 2.93.01 
20-mg.-2500-mg..| 2.07 | .05 15.10, 1X10-¢ |4.68)1 X 107 3.31)..002 
75-mg.-250-mg. | 1.43 | 14 2.49, .02 /2.12, .04 [2.94.01 
75-mg.-2500-mg. Las | 114 2.00) .06 2.96, .01 |3.15 002 
250-mg.-2500-mg.| 0.31 | .38 0.56 .34 [1.54.12 /0.07).40 


* These are normal deviates. The p values are for a one-tailed 
test. . S 


DISCUSSION 

The results would seem to indicate that in 
learning situations of the complexity level 
represented by this study, the amount of in- 
centive does not influence rate of learning, 
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measured in terms of errors, as long as the 
incentive exists above a certain threshold 
value. : 

The present findings are not in accord with 
the data reported by Reynolds (7) for the 
learning of a single-unit T maze. In our study 
there were no differences in the learning rates 
of the experimental groups even though the 
running times for the small-reward groups 
were significantly higher than those for the 
large-reward groups. Thus, the R hypothesis, 
which postulates a positive relationship be- 
tween amount of reinforcement and the acqui- 
sition of a turning response, could not be veri- 
fied in the present experiment. Apparently, 
in a multiple-response learning situation other 
factors contribute more toward the acquisition 
of a habit than the magnitude of the reward. 

The differences in the running times be- 
tween the two large- and the two small-reward 
groups would seem to represent differences in 
performances which do seem to be affected 
by the magnitude of the incentive. This is con- 
sistent with the runway data of Crespi (1) 
and Zeaman (10). Actually, difference between 
the magnitudes of the incentive values has 
to vary considerably, especially when the 
quantities are considerably above threshold 
values, before a difference in performance may 
be observed. In our experiment the running 
times of the 250-mg. group were no different 
from those of the 2,500-mg. group. 

The results tend to support Hull’s revised 
Postulate IV (3), which states that rate of 
habit formation, or sHp, is not a function of 
the magnitude of the incentive. 

However, it should be pointed out that the 
quantity of primary reinforcement which was 
sufficient to produce a marked change in the 
rate of learning between the experimental and 
the control groups was quite small, constituting 
only about .002 of Ss’ daily food intake. 


SUMMARY 


One hundred and thirty albino rats received 
one daily trial on a two-unit linear T maze 
under a 22-hr. food-deprivation schedule. 


Thirty-seven Ss received a 2,500-mg. food 
reward, 26 a 250-mg., 34 a 75-mg., 22 a 20-mg., 
and 11 a O-mg. reward. Rate of learning, 
measured in terms of total number of errors, 
proportion of Ss that reached a criterion of 
three consecutive errorless trials, and the 
average number of trials it took to reach the 
criterion, were similar for all groups receiving 
a reward, but varied significantly from the 
control group which received no food reward. 
However, the running speeds of the 2,500-mg. 
and the 250-mg. groups differed significantly 
from the speeds of the 75-mg. and the 20-mg. 
groups. 

The data indicate, therefore, that in learning 
Situations such as that described in this paper, 
rate of learning is not determined by the magni- 
tude of the incentive. This is in agreement with 
Hull’s revised Postulate IV, 
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INCENTIVE SIZE, FOOD DEPRIVATION, AND FOOD PREFERENCE! 


J. C. FAY, J. D. MILLER, anp H. F. HARLOW 


University of Wisconsin 


__ This experiment is the second of a series, and 
is part of a systematic investigation of monkey 
food preferences. It examines the relations 
among variables of food deprivation, quantity 
of incentive, and quality of incentive. These 
three Presumptive or demonstrable deter- 
minants of the effectiveness of a reward are 
manipulated simultaneously, and concurrent 
changes in preference are ascertained by ob- 
Servations of behavior in a choice situation. 


METHOD 
Subjects 


Nine adult rhesus monkeys were Ss for this investi- 
gation. Of the group, threeweremales (no. 147, 150, 153) 
three were females (no. 137, 146, 151), and three were 
pregnant females (no. 140, 142, 143). All had had exten- 
sive test experience, which included participation in at 
least one preference experiment. 


Apparatus 


A The experiment was performed wi e Wi i 
General Test Apparatus (2, Fig. a ae Wiio $ 
restraining cage, an adjacent table, and a superstructure 
u oppor — Opaque and one-way vision 

eens. est tray which ru i re 
the table can be moved toward el a ahs 
monkey, which is placed inside the cage. The tray used 
for this investigation measured 9 by 24 i felipe 
painted light gray. Near the forward edge at i irae 
were two rectangular food wells Spaced E is. apart, 
each 244 in. long, 34 in. wide, and 1g in. deep)” 


Procedure 


The preferences of each 
potato, and celery were fi 
paired comparisons. The 
standard to which pieces 
were cut. The incentives wi 


monkey for peanut, bread, 
tst scaled by a method of 
size of a peanut defined a 
of other kinds of incentive 


ere presente i i 
and records were taken of the ried F ie 
. Further 


details of this procedure are gi 

values were computed by the pipe b; ite 

Guilford (1, p- 236). Once the orders of tetere ri 

these foods were established, two kinds en rea 

for subsequent use. These were the most refe a 

the second least preferred food for each 5 be 
S. a y 


1 This research was supported in 
1 part by t ni 
Committee of the Graduate School from E ET 
y the Wisconsin Alumni Research Foundation — 
Now at the University of Indiana. 5 
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potato was the second least preferred food. Eight Ss 
ranked peanut at the head of the list; the ninth S pre- 
ferred bread. 

In the first phase of the experiment proper, five 
diferent amounts of peanut (or bread, for one monkey) 
were paired with two different amounts of potato, and 
the choices of S were recorded. On each trial the appro- 
priately sized rewards were placed in the food wells 
while S watched. Then the one-way vision screen of the 
apparatus was lowered in front of Z, and the test tray 
was moved to within S’s reach. As soon as S chose one 
of the two foods, the test tray was rapidly withdrawn. 
If a particularly agile S succeeded in removing both 
foods, the one picked first was recorded as the choice. 

The fractional amounts of peanut were prepared by 
splitting a whole nut in half, then dividing each half 
lengthwise, and then dividing each fourth into two or 
four pieces. Quantities of 1, 14, 4, 3g, and Mg peanut 
were compared with 2 or 4 pieces of potato cut to the 
size of a whole peanut. Pieces of bread for the one S 
that ranked this food first were of the same sizes as 
the five different quantities of peanut. Each of the ten 
possible combinations of sizes was presented five times 
in random order on each of the eight days of testing. 
Preferred and nonpreferred food appeared an equal 
number of times in right and left positions. All Ss were 
tested between 12:00 x. and 4:30 p.m. The time of 
maintenance feeding was 6:00 p.m. 

The testing technique for the second phase was the 
same as that for the first, but an additional variable 
was introduced. Time of maintenance-food deprivation 
was manipulated by procedures similar to those outlined 
by Meyer (4). Each S’s daily ration was 160 gm. of 
Purina Laboratory Chow, 70 gm. of carrot, and 14 
orange. Preference testing was introduced 1, 23, and 47 
hr. after feeding. The extraneous variables of depriva- 
tion sequence, Æ, and sexual status were controlled by 
counterbalancing. A total of 50 comparisons were pre- 
sented to each S on each of 12 test days. The 12 test 
days were spaced 2 days apart regardless of the duration 
of deprivation preceding the experimental session. 


RESULTS 


The data collected in the first phase are 
summarized in Table 1. This shows the per 
cent choice of the preferred food for each size 
combination at different stages of practice. 
Each cell score is.based upon ten comparisons, 
and the data for all nine Ss have been pooled. 
The principal conclusion to be drawn from 
these scores at the moment is that changes in 
preference with learning are negligible. It 
should be remembered that these Ss had had 
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y 
previous experience with the foods, and hence 
this stability does not necessarily support the 
view that such changes never take place. In 
the prior investigation (3) some trends with 
practice were noted, although they were not 
marked. 

The effects of variation in time of main- 
tenance-food deprivation upon preference can 
be assessed from the scores which are given in 
Table 2. Shown is the frequency of choice of 
the preferred food by each S at each degree of 


TABLE 1 


Per Cent Choice of Preferred Food As a Function of 
Sizes Compared and Days of Practice 
(Combined Data, Nine Monkeys) 


UNITS OF NON- 


DAYS 
PREFERRED AND e 
PE omeaneo | 12 | 34 | 56 | 7-8 | Total 
z4 92.2 | 95.6 93.3 | 96.7 | 94.4 
-% 73.3 | 76.7 | 83.3 | 70.0 | 75.8 
234 | 33.3 | 34.4 | 26.7 | 18.9 | 28.3 
2-34 | 5.6] 1.1] 4.4) 5.6] 4.2 
2-1% 2:2] 00] 0.01 1.1! 08 
41 | 71.1 | 77.8 | 82.2 | 71.1 | 75.6 
414 25.6 | 24.4 | 25.6 | 20.0 ; 24.0 
4-14 10.0 | 16.7 7.8 | 3:3 | 9.4 
414 0.0 | 0.0] 1.1] 1.1 | 0.6 
+l | 1-1) 0.0] 0.0} 0.0} 0.3 
TABLE 2 


Frequency of Choice of Preferred Food As a Function 
of Time of Maintenance-Food Deprivation 


HOURS 


MONKEY NUMBER 
OF DEPRI- 


VATION | 437 | 140 | 142 | 143 | 146 | 147 | 150 151 | 153 
1 13 | 54 | 44 | 41 | 119) 62 | 57 | 37 88 
23 79 | 53 | 63 


| 38 | 179| 61 1106 | 52 | 48 
47 | 30 | 48 | 47 37 | 86 62 | 66 | 57 | 47 


deprivation. The combination of all size com- 
parisons followed an initial analysis which 
showed similar effects throughout. There is no 
support for the conclusion that deprivation 
alters preference. There is a tendency among 
the means for a greater preference of the pre- 
ferred food at 23 hr., but this change is slight 
and insignificant statistically s 
Since neither learning nor deprivation were 
found to affect performance scores, the first- 
and second-phase data were combined for 
analysis of the effects of size ratio upon selec- 
tion. The outcome is illustrated in Figure 1. 


This graph depicts per cent choice of peanut 
or bread as a function of the ratio between the 
sizes of the preferred and nonpreferred foods. 
Open circles summarize comparisons between 
preferred foods and 4 pieces of potato, while 
closed circles show the results obtained when 
2 pieces of potato were employed. Thus a ratio 
of %4 means that 4 pieces of potato were 
offered together with {6 peanut or its equiva- 
lent. At the other end of the scale, the ratio of 
1% is obtained when 2 pieces of potato appear 
with 1 peanut or its equivalent. Two scores 
are available for intermediate ratios. For 
example, the ratio 14 is either 14 peanut versus 
2 pieces of potato or 14 peanut versus 4 pieces 


PER CENT CHOICE CF PREFERRED FOOD 


å % à i £ + 
‘SIZE RATIO OF PREFERRED TO NONPREFERREO F000 
Fic. 1. Per cent choices of the preferred incentive as 
a function of the ratio between the sizes of the compared 
foods. The open circles summarize comparisons between 
preferred food and four Pieces of potato; the closed 


circles represent the scores obtained when two pieces of 
potato were used. 


of potato. It is evident from the graph that 
equivalent-size ratios yield equivalent per- 
formance, and thus that absolute magnitudes 
or absolute differences in magnitude are of 
relatively little significance, 


DISCUSSION 
In the first ex 


periment of this series, Harlow 
and Meyer (3) found that different amounts of 
peanut are Judged equidistant in preference 
by monkeys if the quantities form a logarithmic 


BEDIES: Thus any pair of incentives with a given 
Size ratio is separated by the same number of 
scale units, and 


the preference of the larger 
over the smaller amount is always the same 
regardless of the absolute magnitudes. The 
Present study confirms and extends this con- 
clusion. 


If we assume that a quantitative law worked 
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out for peanut is applicable to potato, doubling 
the amount of this incentive should yield a 
change of one scaled quantitative preference 
unit. If the qualitative differential is main- 
tained unchanged with variations in magni- 
tude, the resulting increase in potato preference 
should be offset exactly by an analogous in- 
crease in the amount of peanut. The data show 
unequivocally that this is so, that the prefer- 
ence behavior evoked by two dissimilar incen- 
tives is constant so long as the ratio of their 
sizes is constant. From this it would seem to 
follow that quality and quantity are inde- 
pendent determinants of choice frequency. 
The conclusion is not affected by alteration of 
time of maintenance-food deprivation. 


SUMMARY 


This experiment examined the relations 
among variables which determine the effec- 
tiveness of monkey food rewards, Th 
ences of nine rhesus monkeys for peanut, 
bread, potato, and celery were first scaled 
by a method of paired comparisons. Subse- 
quently, two of these foods, the most pre- 
ferred and second least preferred for each S$ 


e prefer- 


were presented in varying quantities to the 
Ss for choice. Preference was measured as a 
function of five levels of preferred food and 
two levels of nonpreferred food. In one part 
of the study, time of maintenance-food dep- 
rivation was varied from 1 to 47 hr. 

It was found that preference is related to 
the ratio of sizes of two incentives even if they 
differ in quality as well as in quantity, and 
this relation is unaffected by time of depriva- 
tion. These results confirm the conclusion that 
logarithmic increments in quantity of in- 
centive yield linear increments in scaled prefer- 
ence, and indicate that quality and quantity 
are independent dimensions. 
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THE RELATIVE IMPORTANCE OF COLOR AND FORM IN DISCRIMINATION 
ai LEARNING IN MONKEYS 


J. COLE 
University Laboratory of Physiology, Oxford, England 


In 1925 Revesz (7), using Macaca mulatta 
monkeys, reported that his animals showed a 
slightly stronger preference for form than for 
color in discrimination learning. This finding 
was criticized by Harlow (1), who demon- 
strated that color cues were significantly more 
effective than form cues as aids in the solution 
of discrimination problems in his macaques. 

The following investigation was therefore 
undertaken, using methods more closely re- 
sembling those of Revesz than those of Harlow. 
In addition, an attempt was made to discover, 
when both color and form variables were 
present in the same discrimination task, 
whether there was any simultaneous learning 
of both cues, even when one was dominant. 


METHOD AND RESULTS 
Subjects 


Four monkeys were used in this experiment: two 
Macaca nemestrina, Port and Gin; and two Macaca 
mulatta, Whisky and Brandy. All were Preadult, and, 
while the two nemestrina had had some previous experi- 
ence with discrimination tests, this was not so in the 
case of the others. 


Apparatus and Training 


For training, the § was placed in a cage, one side of 
which consisted of a metal sheet, Attached to this was 
a metal training box with a vertical shutter which could 
be raised to enable S to see and manipulate the 
apparatus. 

The apparatus itself consisted of a rectangular 
Kliiver form board 2 by 9.5 by 28 cm., painted black, 
in which were two wells 2 cm. in diameter and 12.5 cm. 
apart. Four stimulus objects were used, a red and a 
blue equilateral triangle with 6.5-cm. sides, and a red 
and a blue 5-cm. square, made of three-ply wood and 
painted with flat paint. ae 

In total area the triangle is slightly smaller than the 
square, This difference in area is deliberate, because it 
was found that an equilateral triangle equal inarea toa 
5-cm. square gave the illusion of greater size and, if 
employed, might have resulted in S’s discriminating by 
size, which monkeys can do easily. ; 

The two Ss without previous experience on the 
apparatus were first accustomed to it by being allowed 
to take food out of the uncovered wells. 

When this was done readily and they were no longer 
alarmed by the raising and lowering of the shutter, one 
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well was baited and both were covered by identical 
white circles. As the Position of the bait was varied, the 
S was in this way trained to move aside one or, if neces- 
sary, both objects until it obtained the bait. 

As soon as this was done without hesitation, the 
training to the stimulus objects used in the experiment 
was begun. These were divided into two pairs: (a) a red 
triangle with a blue 
a red square. Thus, 
stimulus objects differed from each other in both color 
and form, so that in learning to discriminate between 
them the cues of color and of form were presented to 
S. All four combinations of the pairs of these stimuli, 
offering the two differential cues, were employed as 
shown in Table 1. 

During training the Positive stimulus only was 
baited, and care was taken to exclude auditory and 
olfactory cues throughout the experiment. The position 
of the positive stimulus was varied in the order— 
RLRRLRRLLL (R = right, L = left) and then re- 
versed RRRLLRLLRL. 

The correction method was used throughout the 
training of all the Ss; when they had made the correct 
allowed to investigate the negative 


Test 1 


Procedure. On the fi 
after making ten corre 
of stimuli, § 
meant that it was confronted 

ad the positive color and the 
which had the negative color and the positive form of 
the pair to which it had been trained, 

For Instance, Port, tra 


Negative form and one 


he same was done mut, 
other three Ss, 


In all four tests the position of the stimuli was 
changed in accordance with the formula used during 
training, and in every case both were baited for the first 
five trials and thereafter only the one the S had chosen 
five times; altogether, ten trials were given, Having 
obtained the bait from the first stimulus object, the S$ 


was not allowed during the test to investigate the other. 
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Results. The result of this test is that on 
trial 7 Brandy chose the stimulus whose form 
was the same as the training object but whose 
color differed. On the other trials for Brandy, 
and on all trials for the other three animals, 
all choices were to the stimulus object of the 
same color as, but different in form from, the 
one to which the S was trained. 


Test 2 


Procedure. From the results of test 1 it was inferred 
that in learning to discriminate between the two 
stimulus objects used in training, the color cue had been 
the dominant factor for the monkeys. The question 
now arose as to whether pari passu with the learning of 
the color discrimination there had been any learning of 
form, which in test 1 had been masked by the domi- 


TABLE 1 
SUBJECT POSITIVE PEE 
z aia 
Whisky Red square | Blue triangle 
Brandy Blue square | Red triangle 
Port Red triangle | Blue square 
f Sii = Blue telangle | Red square 
TABLE 2 
Whisky = FFFFFFFORO 
Brandy OFFFFFFFOF 
Port FFFFOFFOOF 
Gin OFFFFOFFFF 


F = choice of stimulus object of same form as the 
Positive stimulus used in the original training. 

O = choice of stimulus object the same form as the 
negative stimulus used in the original training. 


nance of the color cue. It was in o 


rder to test the 
hypothesis that there was also some learni 
that test 2 was devised. FOEDE fon 


This test, which was always given i i 
test 1, consisted of presenting 5 ithe wae 
triangle both of the same color as the stimulus object 
to which it had been trained, Forinstance, Port tral d 
to a red triangle positive and a blue square ne ative 
was given for test 1 a blue triangle and a red s Ea b t 
for test 2 a red triangle and a red square, The j 
of the other three Ss was by the same method. e 

Ten choices were given in test 2 wi h stimuli 
baited, as was done by Nissen and Ji e O rm 
S had made its choice no investigation of the second 
stimulus was allowed. The position of the stimuli was 
varied as before. 


Resulis. The results are shown in Table 2 
It will be recalled that test 2 was given in 
mediately after test 1, in which § had made a 
series of choices of an object similar in color 
but different in form from the stimulus object 


to which it had been trained. This means that 
the F choices in test 2 represent a change back 
from the form chosen in test 1 tô the form 
which was positive in the original training, 
and affords some indication of the strength of 
the original, but masked, learning of the form 
discrimination. 


DISCUSSION 


In monkeys, Revesz reported that he found 
some preference for form over color in dis- 
crimination learning, but more recent experi- 
ments by Harlow have suggested that the 
reverse is the case. 

However, the methods used by these two 
investigators differed somewhat, for Harlow 
reports that “the performances on the dis- 
criminations differing in both color and form 
and the discriminations differing in color alone 
were significantly better than those differing 
in form alone. The results of this experiment 
indicate that color is a more effective cue than 
form for macaque monkeys” (1, p. 234). In 
other words he found that his Ss learned to 
discriminate by color cues more quickly than 
they did by form cues. 

On the other hand, Revesz trained his 
monkeys to take food from a box marked with 
a yellow circle, using at the same time other 
boxes marked with a red triangle, a blue rec- 
tangle, and a green trapezium as secondary 
figures. Later, the animal was offered a red 
circle, a yellow triangle, a blue rectangle, and 
a green trapezium, and chose the red circle, 
i.e., in favor of the same form. 

Our experiments, though confirming Har- 
low’s findings, are not measurements of the 
comparative ease with which monkeys learn 
color and form discriminations, but resemble 
more closely Revesz’ methods and at the same 
time have certain similarities to the matching 
experiments with children reported by 
Katz (2). 

Furthermore, the present investigation has 
been extended to examine whether at the same 
time that the monkey was learning the color 
cue it was also leicning to discriminate form. 
The results set out in Table 2 indicate that 
this is, in fact, the case. a 

An experiment in many ways similar to ours 
was conducted by Nissen and Jenkins, who, 
working with chimpanzees, found that color 
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differences (these authors used black and 
white) were more effective than size in single- 
cue tests subsequent to training in which the 
two variables were combined in a positive 
stimulus. This finding is in agreement with our 
results. , 

Our experiment produced no evidence that 
our monkeys in their training had a preference 
for red over blue or vice versa; these colors 
were deliberately chosen as one from the long 
wave portion of the visual spectrum, the other 
from the short, in view of Yerkes’ (9) sugges- 
tion that in apes there is some preference for 
color belonging to the shorter wave lengths. 

When we consider the problem of color-form 
preference in the studies of other workers, we 
find that with birds, Kroh and Scholl (4), and 
with chimpanzees Kohts (3) and Nissen and 
McCulloch (6) all report in their subjects the 
same preference for color over form that 
Harlow and ourselves have found in monkeys. 

Work with children, usually by means of 
matching experiments, is discussed at length 
by Vernon (8) who writes: “Numerous ex- 
periments have been performed to test the 
child’s interest in color....He is presented 
with a form which can be matched either with 
one of the same color or with one of the same 
form drawn from a group of others. The 
tendency to match according to color seem 
increase up to a maximum at about five o 
years of age and then to decrease again. Below 
four or five years the child may give merely a 
random judgment; it is incapable of making 
the discrimination at all according to the re- 
sults of Segers” (8, p. 183). 

It therefore appears that the preference 
for color over form is found in birds, in animals 
with color vision, and in young children, but 
that in older children form usually becomes 
dominant over color. 

Our experiment demonstrates a definite 
preference for color in monkeys and at the 
same time shows, by means of test 2, that even 
for subhuman primates form has significance 
and is learned simultaneously with color in 
a discrimination task when"both variables are 
present, though such learning of form is 
masked by the dominance of the color cue 
and only revealed by specially designed tests. 


s to 
r six 


SUMMARY 


1. Four monkeys were trained to a positive 
stimulus differing from a negative one in the 
variables of color and form. 


2. They were then presented with two 
stimuli, one of which combined the previous 
positive color with the negative form, and the 
other the negative color with the positive form, 
and given ten free choices. In three cases the 
choice in favor of the positive color combined 
with the negative form was 100 per cent, and 
in one, 90 per cent. 

3. The same Ss were then given ten choices 
of two stimuli, one of which had positive color 
and form from the training series and the other 
positive color but negative form, the latter 
being the stimulus they had just chosen in 
test 1. In three cases the choice in favor of the 
form positive in training was 80 per cent and 
in one 70 per cent. 


4. It is inferred from these experimental 
data: (a) that monkeys have a preference for 
color over form in learning a discrimination; 
(b) that during training, although the color 


cue is dominant, form is learned simultane- 
ously. 
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SOLUTIONS OF PATTERNED STRING PROBLEMS BY YOUNG GORILLAS! 


AUSTIN H. RIESEN, BERNARD GREENBERG, ARTHUR S. GRANSTON, ann ROBERT L. FANTZ 
The University of Chicago and Roosevelt College 


Relatively few tests have been devised for 
directly comparing the perceptual capacities 
of animals at various levels of the phylogenetic 
scale (5), or even of the same animal at different 
stages of its development. Still fewer compara- 
tive tests have been reasonably well standard- 
ized. Solutions of simple patterned string 
problems have been shown to vary with age 
during the first year in the human infant (6). 
Adult chimpanzees solve more complex prob- 
lems than monkeys do (2, 3, 4, 8), and there 
ìs evidence of differences in ability between 
species of monkeys (4, 8). The purposes of the 
present investigation were to extend the com- 
parisons to another of the anthropoid apes 
the gorilla, and to evaluate further the pat- 
terned string problem asa method for measur- 
ing psychological development. 

Comparative studies of primate behavior 
have heretofore almost entirely neglected the 
gorilla (7, 10). The increasing availability of 
this animal in America has induced Yerkes 
(10) to plead for an intensification of psycho- 
biological research on this subject, lest the op- 


portunity be lost, perhaps even by extinction 
of the species. 


METHOD 


String problems used in i 
t robl previous studi i 
one investigation to another ey pi eee 


the patterns of Harlow and 
compare the capacities of 


§ g patterns w y: 
arranged and the appropriate string TERN te 


platform was beyond the reac} s i 
from view by a vertically sliding be eee 
cord weighted internally with lead Pellets va r A, a 
weights serving to hold the strings in posite papi 
facilitate grasping. The diameter of the ed) ane to 
mm. between the pellets and 4 mm, at the fen . 
each pellet. The pellets were spaced at interv; lors = 
alse the erd, alsof 8 mm. 


! Supported in part by Army Medi a 
Contract DA-49-007-MD-36, The TE a 
R. Marlin Perkins, Director, Mr. J. Lear Gimme Zo. 
ologist, and staff members of Lincoln Park Zoo. ae. 
cago, is gratefully acknowledged. : = 
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Finch added one pattern (his pattern 11) to the 10 
problems in Series II of Harlow and Settlage. The 11 
patterns are diagrammed in Figure 1. An additional 
final testing condition was added by us in which patterns 
4 and 11 were interchanged on successive trials in an 
irregular balanced order. This testing condition was 
used with two of our three Ss. 


Subjects 


The Ss for this experiment were three of the four 
young lowland gorillas, Gorilla gorilla, obtained in 
Africa by zoo Director R. Marlin Perkins for the 
Lincoln Park Zoo, Chicago, in October, 1948, At that 
time their estimated ages, as determined by body 
weight and size, were: Lotus, 249 yr.; Irvin Young, 2 
yr.; Sinbad, 8 mo. The fourth animal in the group, 
Rajah, estimated age, 119 yr., was caged together with 
Lotus. Rajah was not used in the present experiment 
because Lotus completely dominated the position at the 
apparatus whenever a problem was presented. Irvin 
Young and Sinbad were each housed in separate cages. 


Procedure 


Virtually no preliminary adaptation to the problem 
was necessary with Irvin Young, who pulled in single, 
baited strings immediately and promptly chose the cor- 
rect string when first confronted with problem 1. The 
other two Ss were more awkward or more timid. Sinbad 
was able to grasp the string at the end of one prelimi- 
nary session, after repeated efforts to scrape or drag it 
along the board. Lotus required three sessions before 
fear of the apparatus was overcome. 

Sinbad, the youngest S on his Series I (Table 1), 
worked sporadically because of fluctuations in food 
motivation. Work was twice interrupted, in February 
and March, 1949, because of colds in the gorilla colony. 
Following the March interruption more than a year 
elapsed before the series of problems was begun over 
again (Series II) with this S. Within the second series 
there were interruptions occasioned by Bushman’s fail- 
ing health, when quiet in the gorilla house was re- 
quested. n H . 

The dates of all experimental sessions are given in 
the table. Where motivation sufficed, 50 trials were pre- 
sented at a single experimental session. A morning and 
an afternoon session were sometimes given on the same 
day. Correction was permitted on error trials when 
disttirbance of motivation appeared imminent, or when 
S was too quick to permit intervention. The majority 
of errors went uncorrected. A problem having an 
asymmetrical pattern was alternated every 5 trials 
with its mirror image, as in previous studies. The string 
to be baited was altered from one trial to the next in an 
irregular balanced order. 
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RESULTS 


Table 1 presents the error scores for each 
set of 50 trials for each subject. Lotus, the 
oldest of the Ss, was consistently the most 
accurate. She always used her left hand for 
pulling the string. Irvin Young used the right 
hand exclusively in 7 of the 50-trial sessions, 
and even in the other 14 sessions used the left 
hand on only 20 per cent of all trials. Sinbad 
(Fig. 2) used either hand about equally often, 
but sometimes showed long “runs” in which 
one hand was used consistently. 


IAA LILI} 
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Fic. 1. [Adapted from Finch (2).] The series of 11 
patterns used in the present experiment, after Harlow 
and Settlage, with problem 11 added by Finch. Dis- 
tances between baited ends of the strings were 2 in. in 
problems 2, 3, 5, and 10. In all other problems these 
distances were 4 in. A distance of 15 in. separated the 


bait hooks from the row of screw eyes which held the 
ends of the cords nearest the subject. 


Problems 10 and 11 proved troublesome for 
all three Ss. Only Lotus showed reliably better 
than chance performance on these two prob- 
lems for either the first or second session of 50 
trials. Problem 11 was at first responded to as 
a single intersection of strings, i.e., like prob- 
lem 4, by all three Ss. This difficulty was 
overcome by Lotus and by Irvin Young, the 
latter giving evidence of correct response (19 
correct) in the last 25 trials of the 100. This 
improvement continued in another 90 trials 
with Irvin before the interchanging of problems 
4 and 11 was tried. ; 

Sinbad was poorest in accuracy, in part, 
perhaps, because he was the least methodical 
or most playful subject. During both the early 
and later series playful activity about the 
cage sometimes intervened for long periods 


between trials. The final tests (4 and 11 inter- 
changed) were omitted because this S was 


TABLE 1 


Error Scores for Groups of 50 Trials 


Lotus (female)” IRVIN younG (male)t 
PROBLEM Š ae 
Tanan Trials | Trials 
Dates Di ko 
1-50 51-100 1-50 | 51-100 
1 12/27/48 | 0 12/21/48 |(2 in 25)! 
2 12/27 0 ‘| 12/21 -|@in 20)! 
3 12/28 0 12/22 8 | 
4 12/29, o | o | 12/22, i | 4 
12/30 12/23 j 
5 12/30, 2 | 2 | 12/24 iS | 12 
1/2/49 | f | 
6 1/6 0 2 | 12/26 1 | "u 
7 1/8,1/9 | 0 2 | 12/28 R 2 
8 1/14, Of Oo Ea | oOo 4 6 
1/15 | | | 
9 1/16, 3 2 | 12/30 2 9 
1/22 | 
10 1/24 17 | 3 =| 1/2/49 22 26 
il 1/29 | 32t] 7 | 1/6 42§ 20 
a | | 1/7 17 (3 in 40) 
4 and 11 in- | 2/4 2) 3 jiy 6 | 10 
terchanged | 1/14 i 
SINBAD (male) 
wesc SERIES 1** SERIES Ut} 
NUMBER aoe 
Trials Trials 
Dates a Dates: |e 
1-50 | 51-100 {1-50 51-100 
1 |12/22/48 —|(7 in 30) 
1 12/5/49, 2/13 | 15 7 | 7/17/50, 8| 3 
1/19 
2 |2/19,2/20 | 4 o | 7/21, 7/24) 7) 7 
3 |2/26, 2/27 11 An 17/28, 8/18. 2 "T 
4 13/12, 3/13 19 |(4 in 15)} 8/21, 8/23 |10| 4 
5 8/25, 8/27 | 12) 7 
‘ 8/30,9/1 |13| 9 
10/24, 16j 6 
r 10/25 
10/26, 6j 4 
3 10/31 
Ff 11/1,11/3 | 5] 5 
a 11/7, 11/8 | 21 | 21 
11/14,  |36tț) 29 
11/15 
s Estimated age at start, 33 months. 
t Estimated age at start, 24 months, 
t Errors on all of first 9 trials. 
Only 3 correct in first 40 trials. 
Estimated age at start, 10 months. 


tt Estimated age at start, 29 months. 
tf 18 errors in first 20 trials. 


becoming more prone to jerking the strings 
loose from the apparatus, or playfully refusing’ 
to return to the task. (At no time was food 


gog 
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deprivation resorted to to increase motiva- 
J 

The manner of responding by all three Ss 
gives only tentative suggestions as to the 
mode of problem solution. In general, response 
wasa direct reaching for one string or the other 
promptly after the board was pushed forward, 
provided S was directly in front of the board 
at the time. Sighting along strings was observed 
only ina few isolated instances, Occasionally 
an initial reaching movement was checked, and 
then redirected or continued, but on approx- 
imately 90 per cent of all trials, even with 


tion, as this was against zoo polic 


Ete. 2; Subject Sinbad at work 
difficult’ problems, reaching w 
direct. On the first problem a 
perceive the food and string 
unit. Even Sinbad, who was 
with the apparatus on 12/21 48 and who w 
then presented with food attached to a sinele 
string, “appeared immediately to perdeva te 
relation between the food and the string ; a 
turned his attention and efforts to gullies 
the string” (to quote our protocols) já 
; Consistent misperceptions occurred for v: 
Ing numbers of trials on several of 
Phe difficulty with problem 11 ha 
been mentioned. On probléass Al b 
Moa ) re 2) 
W 6 6 z 
Why ag 


as prompt and 
Il Ss seemed to 
continuum as a 
first confronted 


ary- 
problems. 
already 
ıt 2 of 


the 27 errors made by Irvin Young were pulling 
the straight string when food was on the 
crossed string. This error was completely 
dominant in one of Birch’s Ss (1). On problem 
6 Sinbad made 12 of the 13 errors in the first 
group of 50 trials by pulling the straight string 
when the food was on the string that crossed 
and recrossed. Irvin Young showed a tendency 
in the same direction. On problem 10 all errors 
made by Lotus were on trials that had the 
bait on the longer string. 


DISCUSSION 

Problems 10 and 11 have not been solved 
by monkeys (+), and these are the most difficult 
of the series for gorilla and chimpanzee. Prob- 
lem 9 is much more readiiy solved by the apes 
than by monkeys, only one spider monkey 
having succeeded in the Harlow and Settlage 
group of 31 monkeys. Problems 5 through 8 
do not show a clear hierarchy of differences in 
difficulty. Our gorillas improved with con- 
tinued trials on some of the more difficult 
problems, as did Finch’s chimpanzees. Mon- 
keys are reported not to show this improve- 
ment with practice (4). 

The first four problems were no challenge 
to Lotus, nor to the better chimpanzee Ss (2). 
Comparisons on problems 5 through 11 show 
that on the total of 700 trials the two best 
chimpanzees did 93 per cent (Mimi) and 88 
per cent (Pati) correctly, while Lotus did 90 
per cent. The other two gorilla Ss did 75 per 
cent and 73 per cent of these 700 trials cor- 
rectly, as compared with 86 per cent and 64 
per cent for the remaining two chimpanzees. 
On problem 9 both Lotus and Irvin Young did 
as well as the best adult chimpanzee’s per- 
formance. Problem 10 had somewhat less 
initial difficulty for Mimi and Pati than for 
Lotus, and two of four adult chimpanzees had 
less initial difficulty on problem 11 than did 
Lotus. 

Assuming that age is a factor in the per- 
formance of the problems used (1, 6), these 
comparisons must be tentative. The data 
above suggest «hat our three young gorillas 
did almost as well as the adult chimpanzees 
tested by Finch. The performance by Lotus 
compares favorably with the best chimpanzee 
scores. The younger chimpanzees (four to five 
years of age) in Birch’s study (1) did not do as 
well; however, The, numbers of trials per 

i \ 


off 


to 
Ww 


problem were fewer, and the sequence of 
problems was different. More work is needed 
before definitive statements can be made con- 
cerning the relative abilities of gorilla and 
chimpanzee, but our data suggest approx- 
imately equal ability for these two species on 
patterned string problems, or possibly a su- 
periority of the gorilla. 

It seems quite improbable that differences 
in visual acuity account, even in part, for 
differences in performance between indi- 
viduals and species in this series of problems. 
Diameters of the strings used are so far above 
the acuity thresholds of either ape or monkey 
that the patterned string problems could 
hardly have constituted an acuity test. Yerkes 
(9, p. 157) has referred to them as a “test of 
perception of spatial relation and of adaptive 
capacity.” The exact nature of the perceptual 
task that is involved, and the factors which 
show correlations with different levels of per- 
formance remain to be worked out. 


SUMMARY AND CONCLUSIONS 

In a standard series 
problems previously used with monkeys and 
chimpanzees, three young gorillas showed a 
range of performances comparable to that of 
chimpanzees and exceeding that of any species 
of monkey studied. There is evidence that age 
as well as phylogenetic level are correlated 
with performance on these problems. The 


of patterned string 
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problems appear to constitute a series of com- 
plex visual perceptual tasks rather than tests 
of sensory acuity. 
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DECREMENT OF A LEARNED DRINKING RESPONSE ACCOMPANYING 
CHANGES IN SEVERAL STIMULUS CHARACTERISTICS! 


JOHN B. FINK aw R. M. PATTON 


Indiana University 


‘This investigation was stimulated by the 
emphasis placed by Guthrie (3) and, more 
recently, by Estes (1) upon the importance of 
stimulus-response continguity in learning. It 
is related also to the formulation by Estes and 
Burke? of the stimulus-population construct. 

For Guthrie, learning of a particular move- 
ment response in a certain stimulus context 
takes place upon the occasion of the first oc- 
currence of the movement in that context. He 
explains “improvement with practice” as a 
phenomenon observable with complex acts, 
not with simple movements. Simple move- 
ments are learned in one trial; but acts, con- 
sisting of combinations of movements which 
initially are not performed together but must 
be put together, show improvement over time. 

Estes and Burke accept one-trial condition- 
ing between the response occurrence and the 
immediate stimulus situation. However, stim- 
ulus and response are now explicitly generic 
notions, event-classes. The immediate stimulus 
situation is not identical from one occasion to 
the next; it is a sample drawn from a finite 
population of stimulus elements. Similarly 
for the response class. These populations, 
while ultimately exhaustible over a number of 
occasions, are not completely available upon 
any single occasion. And, until both popula- 
tions are entirely involved in the conditioning 
relation, maximum. response probability is not 
achieved. 

Two further assumptions made by Estes 
and Burke are: (a) Once the environmental 
situation is fixed, each stimulus element avail- 
able to the organism is weighted; i.e., it has 
some fixed probability, 0, of occurring on any 
trial. (6) The behavior of an organism on any 
trial is a function, not of the entire population 
of stimulus elements, but only of those stimulus 
elements which occur on that trial. 


1 The authors are indebted to Dr. C. J. Burke, Dr. 
D. G. Ellson, and Dr. W. K. Estes for advice on various 


aspects of this study. 


2 Unpublished manuscript. In press, Psychol. Rev. 
i) 
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If S-R contiguity is as important to learning 
as these various authors suggest, then we 
should expect that systematic manipulation 
of different proportions of a total stimulus 
situation will result in systematic, quantita- 
tive differences in contiguous response 
measures. 

Ferster (2) investigated a problem of this 
kind in a Skinner-box context using two speci- 
fied stimulus components. After conditioning 
bar-pressing behavior in white rats in the 
presence of an intermittent light and a con- 
tinuous tone, he attempted to ascertain 
whether significant differences in extinction 
measures might be obtained between extinc- 
tion in the presence of light and tone, and ex- 
tinction in their absence. He reported no signifi- 
cant differences. 

Inasmuch as the present study was Con- 
ducted before a report of Ferster’s work was 
available, it took a different form. Let us con- 
sider an experimental situation in which all 
the stimulus events are categorized into four 
classes or components: X, F, Z, and Q; where 
X, Y, and Z are specified, and Q is some non- 
determinable remainder. If some selected 
response-class, R, is learned in this situation, 
will the strength of R fall off as X, Y, and Z 
are systematically varied? Stimulus com- 
ponents X, Y, and Z were defined experi- 
mentally as light intensity, sound intensity, and 
tactual roughness, and R was tube drinking of 
water. 


METHOD 


Subjects 
The Ss were 88 male albino rats between 90 and 100 
days old at the start of the experiment. 


Apparatus 

A diagram of one of the experimental boxes is seen 
in Figure 1. The sides and bottom of the box were con- 
structed of }4-in. plywood covered on the outside with 
14-in. fiberboard. The inside dimensions of the box 
were 6 in. by 10 in. by 12 in. The Mohr burette-dis- 


penser was held in place by a wooden burette support, 
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day. The results of this analysis are seen in 
Table 2., Aņ over-all covariance analysis for 
the Set A groups yielded an F significant at 
the 0.1 per cent level of confidence. A similar 
analysis for groups in Set B also yielded 
significance at the 0.1 per cent level. Signifi- 
cance levels for the differences between Group 
I and each of the other groups in Set A, and 
between Group VI and each of the other groups 
in Set B, are available in Table 2. 

In general, changing the light component 
was most effective, changing the sound com- 
ponent was moderately effective, and changing 
the tactual component was least effective in 
modifying the strength of the learned drinking 
response. Further, the greater the number of 


TABLE 2 


p-Values for Analyses of Covariance for Group 
Differences on Day 6 


GROUPS b 

BCE A EO VVE ra aes j “001 
CCHS 0 Ree ee T E AA — 
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Set B, VI to X over-all 001 
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VI vs. IX -01 
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stimulus components changed, the greater the 
response decrement. 


DISCUSSION 


These results suggest that response strength 
is monotonically related to the proportion 
which conditioned stimulus events constitute 
of the total of stimulus events available in the 
immediate experimental situation. 

At first blush, these results seem at odds 
with those of Ferster, for he reported no signifi- 
cant differences between Ss for which certain 
stimulus components were maintained and 
Ss for which those components were changed. 
But a comparison of his stimulus situation 
with ours reveals certain differences. 

In our situation, a response was conditioned 
in the presence of continuous light and showed 
a significant decrement when the light was 
eliminated. In Ferster’s situation, a response 


was conditioned in the presence of an inter- 
mittent light stimulus, (1 sec. on, 1 sec. off) 
which might be considered as an alternately 
light and dark situation. This situation, we 
suggest, may have permitted conditioning both 
in the presence and the absence of light in- 
asmuch as a rat can easily perform a complete 
bar pressing in 1 sec. Thus, we should not be 
surprised if a group of Ss trained in this way 
continues to show a high level of responding 
in a continuous no-light situation. We would 
go even further and suggest that had Ferster 
tested a group under continuous light, it would 
have shown similar results. It is not intended 
that this analysis should be applied indis- 
criminately to all intermittent stimuli. We 
should feel safe with reference to intermittent 
stimuli of longer intervals; but, as the duration 
became considerably shorter, so that an S 
could not perform a bar pressing within the 
interval, different effects (such as obtaining 
our kind of results in Ferster’s kind of situa- 
tion) might be expected; i.e., the flickering 
light would then be behaving like a homo- 
geneous stimulus instead of a succession of 
discrete stimulus situations. 

_ The sizable difference in the intensities of 
light used in the two experiments, 56 ft.- 
candles in our situation as compared with 0.01 
{t.-candles in Ferster’s, should not be over- 
looked. We may wonder whether Ferster would 
have obtained our results, or we his, had we 
exchanged | intensities. From our results and 
our analysis of the intermittent light situation, 
we would expect him to get similar results at 
somewhat higher illumination levels, However, 
what added complications would be intro- 
eied relating to dark- and light-adaptation 
phenomena when our extremely different in- 
tensity levels were used in Ferster’s inter- 


mttent-stinlig situation could be ascer- 
E only by specific investigation. 

ut what if, in our experiment, we were to 
have used h i 


is intensity of 0.01 ft.-candles? 
ave obtained the same results? 
a Bias an be answered only by means of 
light-in Tic investigation utilizing various 
ania ensity levels. We might reasonably 
fi ‘clpate that response decrement would be 
‘unctionally related to differences in light- 
Intensity levels, 


It should be noted, finally, that whereas 


Would we h 
This, too, ca 
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we used a 300-cycle tone at 85-db. level, 
Ferster used a 750-cycle tone at an unstated 
intensity. 

For Estes and Burke, response probability 
is a monotonic function of the relative weights 
of conditioned stimulus elements present in 
the immediate sample of stimulus elements. 
Let us compare this with our empirically based 
statement that response strength is a mono- 
tonic function of the proportion which condi- 
tioned stimulus events constitute of the total 
of stimulus events available in the immediate 
experimental situation. 

Although we speak of response strength, it 
will be observed that Estes and Burke speak 
of response probability. Their formal theory 
construction has not yet been developed to 
include specific statements about rate and 
amplitude, although Estes (1) has a specific 
development with regard to response latency. 
Inasmuch as our measure of water consump- 
tion may be viewed as either a rate measure 
or an amplitude measure, we chose to speak 
of response strength as defined by our measuring 
technique. Further, we make the assumption 
that whatever the specific functions later found 
to maintain between the Estes-Burke response- 
probability concept and empirical measures 
they will be of monotonic form. i 

Estes and Burke speak of response prob- 
ability as a function of the relative weights of 
conditioned stimulus elements present, whereas 
we speak of response strength as a function of 
the proportion of conditioned stimulus events 
present. It is seen readily that if the relative 
weights of the conditioned stimulus elements 
are assumed equal, our Statement is, in this 
respect, equivalent to the Estes-Burke state- 
ment. Since we have no explicit technique for 
assigning specific differentia] weights, we have 
made this simplifying assumption to. enable a 
statement of what we expected to happen in 


our experimental situation. These expectations, 
as we have seen, have been confirmed. 

Finally, the statement of Estes and Burke 
refers to stimulus elements whereas we refer to 
stimulus events. Since the Estes-Burke con- 
structual stimulus elements are placed in 
correspondence with empirical stimulus events, 
it is evident that our empirically based state- 
ment and their logically derived statement are, 
with the limitations indicated, in corre- 
spondence. 


SUMMARY 


Eighty-eight albino rats learned a tube- 
drinking response in the presence of specified 
light, sound, and tactual stimulus components 
during a five-day training period. On day 6, 
when the training stimulus components were 
varied, significant response decrements were 
observed. Light changes were most effective, 
sound changes were moderately effective, and 
tactual changes were least effective in modify- 
ing the strength of the learned drinking re- 
sponse. Further, the greater the number of 
stimulus components changed, the greater 
the response decrement. This suggests that 
response strength may be monotonically re- 
lated to the proportion which conditioned 
stimuli constitute of the total of stimuli avail- 
able in the immediate experimental situation. 

The relation of these results to S-R conti- 
guity theory was discussed. 
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A DEMONSTRATION OF SUPERIOR RESISTANCE TO EXTINCTION FOLLOWING 
CONTINUOUS REINFORCEMENT AS COMPARED WITH 
PARTIAL REINFORCEMENT! 


LEONARD S. RUBIN 
New York University 


The purpose of the present investigation is 
to attempt to demonstrate superior resistance 
to extinction by continuous reinforcement, as 
compared with a partial-reinforcement pro- 
cedure. It was expected that this would be 
accomplished by manipulating both secondary- 
reinforcement and stimulus-generalization 
variables. These two mechanisms have been 
invoked in an attempt to integrate the results 
of studies involving a partial-reinforcement 
procedure within a stimulus-response reinforce- 
ment theory. 

Hull (3) had emphasized the influence of 
stimulus generalization on resistance to ex- 
tinction by assuming that during acquisition 
under partial reinforcement, certain unique 
response-produced cues were evoked following 
nonreinforcement. These cues, in turn, would 
be present at the beginning of the next trial 
and would, therefore, tend to become con- 
nected to the instrumental response if the 
next trial were rewarded. This would result in 
developing greater resistance 
produced cues which had been previously 
conditioned to the instrumental response 
would be present during extinction, The con- 
tinuously reinforced group, on the other hand, 
would be extinguished on a “generalized set of 
cues” because the cues produced by nonrein- 
forcement had never been present during ac- 
quisition. Sheffield (9) tested Hull’s hypothesis 
by comparing the resistance to extinction of 
partially and continuously reinforced animals 
following acquisition under conditions of dis- 
tributed and massed training. She found that 
with massed training, the partially reinforced 


, for response- 


1 This report constitutes a portion of a dissertation 
submitted in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy in the Department 
of Psychology of the Graduate School of Arts and 
Science of New York University. The writer wishes to 
express his gratitude to Professor Howard H. Kendler 
for his many helpful suggestions and criticisms offered 
throughout the course of this investigation. He is also 
indebted to Professor L. W. Crafts. 
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animals required significantly more trials to 
reach the extinction criterion than the con- 
tinuously reinforced group. Such findings were 
consistent with previous studies (5, 6, 10) 
wherein partially reinforced responses were 
found to be considerably more resistant to 
extinction than responses reinforced on every 
trial. With distributed training, however, the 
difference in favor of the partially reinforced 
group disappeared; i.e., there was no signifi- 
cant difference between the extinction rates 
of the partially and continuously reinforced 
animals. Although Sheffield demonstrated the 
importance of distribution of practice, it should 
be noted that she failed to find greater re- 
sistance to extinction by continuously re- 
inforced animals. If “stimulus generalization” 
is the only factor underlying the greater re- 
sistance to extinction after partial reinforce- 
ment, then presumably the elimination of this 
variable should produce greater resistance 
following continuous reinforcement. 

Another factor invoked by S-R-reinforce- 
ment psychologists to describe greater re- 
sistance after partial reinforcement is that of 
secondary reinforcement. Denny (2) found in 
a T-maze study that when secondary reinforce- 
ment was allowed to operate, acquisition pro- 
ceeded almost as well with partial as with 
continuous reinforcement. When he minimized 


the effects of secondary reinforcement by 


changing the brightness of the goal box during 
nontewarded trials, he found that the con- 
tinuously reinforced group learned more 
rapidly that did the partially reinforced group- 
He also found that during extinction the 100 
per cent group extinguished somewhat slower 
(although far from being significant) than the 
partial group. The major implication of this 
T-mazè study is that secondary reinforcement 
is an Important variable in experimental pro- 
cedures Involving partial reinforcement. 
The experimental results of Denny and 
Sheffield raised the question of whether sig- 


~~, 
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nificantly greater resistance to extinction could 
be demonstrated following continuous re- 
inforcement as compared with partial reinforce- 
ment in a simple instrumental conditioning 
situation in which the effects of secondary 
reinforcement and stimulus generalization 
were effectively controlled. The purpose of 
this study was to explore this possibility. 


METHOD 
Subjects 


Nineteen naive male rats purchased fr 
‘om the colony 
of Red Bank, N. J., were used in this experiment. The 
age of the Ss at the start of the experiment was 90 
days. 


Experimental Design 


The Ss were randomly assigned to either Group P 
(N = 10) or Group C (N = 9). This experimental 
design involved the acquisition and extinction of a 
panel-pushing response acquired under conditions of 
partial (Group P) and continuous (Group C) reinforce- 
ment. An attempt was made to minimize the second: 
reinforcement received by Group P during their non- 
reinforced trials. This was done by rewardin Group P 
in a white end box and not rewarding Shem tn a bla k 
end box. In addition to this it Was also rt 
pretent the cues resulting from nonreinfo: 
becoming connected to the panel- i 
the Ss in Group P by having an eas 
acquired under conditions of 
During extinction a gray end box 
the effects of generalization from 
end boxes used during acquisition, 


ary 


attempted to 
rcement from 
g response of 
panel-pushing response 
distributed practice. 
Was used to minimize 
the black and white 


Apparatus 


OX was a gray delay 
ng the gray guillotine 
any one of the gray 
Panel arrangement at 
at employed by Kimble 
O that the animal need 


exert only a very light pressure in order to enter the goal 


box. 
Raising the guillotine door a distance á 

Pressed a microswitch, which started a Spite a 

Pening the panel closed another microswitch ae 
activated a holding relay that stopped the mee ia 
thus recorded the latency of the response to the ie 
0.01 sec, A 75-w. GE bulb was placed directly over ‘ti 
food compartment used under each of the ed 
experimental conditions. The rest of the room was deck, 


In addition to the above experimental apparatus, a 
similar apparatus was used for the preliminary training. 
The box had the same dimensions as thé experimental 
apparatus and was of shellacked natural wood. 


Procedure 


Preliminary training. All Ss were given two weeks of 
habituation during which a strict food regimen was 
maintained. Each S received 10 gm. of Purina Dog 
Chow per day at approximately the same hour as they 
were to be run in the experiment. During the two-week 
period Ss were handled daily and fed in cardboard 
boxes of different shapes in different parts of the experi- 
mental room. After this period of adaptation each S 
received five massed reinforced trials in the preliminary 
training box. On each of these trials, E waited until S’s 
forepaws were in front of the guillotine door. When this 
correct position was assumed by S, the guillotine door 
was raised and then lowered as S passed through it into 
the preliminary delay box. As S approached the food 
compartment, Æ raised the panel by hand, permitting 
S to enter and obtain the food in the food compartment. 
The amount of time elapsing between the raising of the 
guillotine door and S’s pushing the panel a distance of 
1 in. was recorded as the reaction latency. In the food 
compartment S was given three pellets of Chow each 
weighing 0.04 gm. When all Ss of an experimental group 
had completed the five trials, they were fed 10 gm. of 
Chow each in their home cages, at least 30 min. following 
their removal from the preliminary training apparatus. 

Training. Approximately 24 hr. after preliminary 
training, a training series consisting of 31 trials was 
begun. As previously indicated the response required of 
Ss in this experiment was a panel-pushing reaction. On 
each training trial, Æ waited until S’s forepaws were 
facing the guillotine. When this criterion position was 
assumed by S, the door was raised by E and the timer 
was activated. The timer stopped when S lifted the 
panel door the requisite distance and entered the food 
compartment to obtain (or, not obtain) the food. On 
reinforced trials S received a small pellet of Purina Dog 
Chow weighing approximately 0.04 gm., in the appropri- 
ate food box. The food was placed behind an elevated 
obstacle in the food compartment. This obstacle was 
placed in all the compartments in the same position in 
order to preclude the possibility of S’s observing the 
presence or absence of food before pushing the door a 
distance of 1 in. 

In the partial-reinforcement condition, an alternat- 
ing order of reinforcement and nonreinforcement was 
utilized. In addition the first training trial of each day 
was always rewarded to insure that S would respond on 
subsequent trials that were nonrewarded. Also, the last 
training trial was always reinforced to make certain 
that S would respond (after 24-hr. interval) during the 
extinction series. This procedure necessitated the use 
of 31 trials for the partial-reinforcement groups and as 
trials were equated for all groups, the continuously re- 
inforced group also received 31 trials. Partially rein- 
forced animals received a total of 16 reinforced trials 
(52 per cent reinforcement). 

Each S was given four trials per day for seven days. 
On the last day of training (day 8), each S received 
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only three trials. A 40-min. intertrial interval was 
employed for the Ss of both groups. 3 

Extinction. Twenty-four hours after the last acquisi- 
tion trial, the extinction series was begun. The first 
trial was reinforced in the white food compartment in 
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TRIALS 


Fic. 1. Acquisition curves for Groups P and C show- 
ing median response times (averaged for successive 
groups of 4 trials) during 31 training trials 


TABLE 1 


Summary of Alexander Trend Test for the Average 
Log (x + 1) Latency Scores Obtained 
during Acquisition 


SOURCE OF VARIATION af F 
Between-group means... . at A 5.09* 
Between-group slopes.......,.. 1 2.37 
Group deviation from estima- 

GION users. 5. a. O Wipe saten ome ted 6 jee 
Between-individual means... ... 17 9.724 
Between-individual slopes...... 17 3.13ł 
Over-all deviations from line- 

as acc a a aa 6 2.96* 
Ower-all glopein., sira aen is ks sine 1 235.23 
Individual deviations from esti- 

MAO (Eta) = most a eao woe 102 


* Significant at the .05 confidence level. 
t Significant at the .01 confidence level. 
t Significant at the .001 confidence level. 


order to increase the probability of continued respond- 
ing during the extinction trials. Following the rein- 
forced trial, all the Ss were extinguished. During ex- 
tinction, a gray end compartment was used instead of 
the white food compartment. The extinction trials had 
an intertrial interval of 20 sec. If S did not make the 


panel-pushing response during a 60-scc. interval follow- 
ing the raising of the guillotine door, S was removed 
from the apparatus and the behavior of S was recorded 
as “no response.” The criterion for extinction was 
three successive trials during which S made “no re- 
sponse.” The extinction data consist of the number of 
responses made before reaching the extinction criterion. 


RESULTS 
Acquisition 

The acquisition data were initially treated 
by Sheffield’s method of analysis. The median 
latency for each S for the 31 acquisition trials 
wasobtained. Themeanof thesemedian response 
times was computed for each group. A com- 
parison of these results indicates no significant 
difference (t = 0,06, p = .90) between Groups 
C and P. There is some suggestion, however, 
that such an analysis may be somewhat crude, 
as is indicated by the latency measures graphi- 
cally represented in Figure 1. The graph sug- 


TABLE 2 
Number of Responses Made by Ss of Both Groups 
(Group P and Group C) to Reach 
the Extinction Criterion 


| | M | Mdn. 


— pe | Me 
Group P /11)10| 8 7 ój 5| 2| 1] alal 5.2] 5.5 
Group C [3512718115113 1210,10] 5| 16.1 | 13.0 


gests in spite of the chance superiority of 
Group P over Group C for the initial four 
trials, a somewhat more rapid acquisition rate 
for Group C for the first 20 trials. It may be 
that the panel-pushing task is so simple that 
the S’s “physiological limits” are rapidly 
reached. Because of this, the Sheffield type of 


analysis might fail to uncover differences oc- 


curring during the early portion of learning. 
This possib 


ility was investigated by means of 
a trend analysis described by Alexander (1), 
the results of which are presented in Table 1. 
The log (x + 1) transformation was applied 
to the latency data and the average value for 
each of the eight days for each subject was 
obtained. Systematic deviation from linearity 
1S apparent in the over-all group. The signifi- 
cant F value obtained for “between-individual 
slopes” indicates that the slopes of the indi- 
vidual least-square Straight lines are signifi- 
cantly different within each group. The critical 
term in the analysis, “between-group slopes,” 
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is not significant. The implication is that if 
we fit a least-square straight line to the total 
body of data for the partially reinforced group, 
and another for the data of the group that 
received continuous reinforcement, then the 
slopes of these two straight lines would not 
differ significantly. Consequently, we may 
conclude that no significant difference in rate 
of acquisition existed between the partially 
and continuously reinforced animals, 


Extinction 


The number of responses made by the indi- 
vidual members of both groups (Group C and 
Group P) before the extinction criterion was 
realized are presented in Table 2. Because the 
results of Group P were highly skewed, the 
Mann-Whitney test (8) was employed. The 
result of the comparison indicates that the 
null hypothesis can be rejected at the 0.4 per 
cent level. The data indicate, therefore, that 
the continuously reinforced group (Group C) 
manifested significantly greater resistance to 
extinction than did the partially reinforced 
group (Group P). 


DISCUSSION 


The purpose of this experiment was to 
evaluate certain hypotheses proposed within 
the S-R-reinforcement theoretical framework 
about the mechanisms underlying the su- 
periority of the partial-reinforcement pro- 
cedure over continuous reinforcement as 
measured by resistance to extinction. It had 
been proposed that both stimulus generaliza- 
tion and secondary reinforcement were re- 
sponsible for this difference. It was reasoned 
that if the effects of these two mechanisms, 
responsible for the greater resistance to ex- 
tinction exhibited by partially reinforced SS 
could be eliminated, or even reduced dras- 
tically, it might be possible to demonstrate 
that under such conditions continuously re- 
inforced Ss would take longer to extinguish 
than partially reinforced Ss. Such evidence 
would suggest that the partial-reinforcement 
phenomenon is in no way inconsisteat with 
the assumption that number of reinforcements 
is positively related to habit strength (4); it 
would merely imply that the results of partial- 
reinforcement studies were dependent upon 


factors which hid the basic relationship be- 
tween learning and the number of reinforce- 
ments. " 

The fact that the results of the present study 
indicated greater resistance to extinction fol- 
lowing continuous reinforcement under ex- 
perimental conditions in which distributed 
practice was used and the effects of secondary 
reinforcement were drastically minimized for 
the partial-reinforcement group would tend 
to support our analysis of the partial-reinforce- 
ment phenomenon. There is, however, a certain 
precaution that should be taken in interpreting 
the present results. The data cannot be inter. 
preted to be a function of the combined in- 
fluence of stimulus-generalization (distribution 
of practice) and secondary-reinforcement vari- 
ables. Inasmuch as the influence of these 
variables was confounded within the design, 
the results can be a function of either of these 
factors or a combination of both. 


SUMMARY 


_ The present study compared the acquisi- 
tion and extinction rates of a panel-pushing 
response acquired under conditions of partial 
and continuous reinforcement. An attempt 
was made to minimize secondary reinforce- 
ment received by the partially reinforced group 
on their nonreinforced trials. This was ac- 
complished by Tewarding them in a white end 
box and not rewarding them in a black end 
box. In an attempt to prevent the cues result- 
ing from nonreinforcement from becoming 
associated with the panel-pushing response of 
the Ss in the partially reinforced group, the 
acquisition trials were distributed (40-min, 
intertrial interval). 

The results revealed no significant difference 
between the response times of the partially 
and continuously reinforced groups during the 
31 acquisition trials. The major finding of the 
present study was that the continuously re- 
inforced Ss demonstrated a greater resistance 
to extinction than did partially reinforced Ss. 
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EXPERIMENTAL EXTINCTION AS A FUNCTION OF THE Ś 
PREVENTION OF A RESPONSE! 


HORACE A. PAGE? anp JOHN F. HALL 
The Pennsylvania State College 


In presenting his goal gradient hypothesis, 
Hull indicated that the blocking or interruption 
of goal-oriented responses would bring about 
a state of affairs akin to those produced by 
experimental extinction. He proposed a 
frustration hypothesis which states “... that 
whenever an excitatory tendency is pre- 
vented, for any reason, from evoking its ac- 
customed reaction, a state ensues substantially 
like the experimental or internal inhibition 
long known to be characteristic of conditioned 
reactions” (2, p. 10). P f 

Later, Williams and Williams (5) put this 
hypothesis to an experimental test. Running 
rats on a straight and L-shaped runway, and 
using the latencies of the first four extinction 
trials as their measure of response strength, 
they found latencies for those animals pre- 
vented from reaching the goal box by a barrier 
were significantly longer than for those ani- 
mals which were permitted to enter the goal 
box but found no food. 

The present study was an attempt to verify 
further and to extend Hull’s frustration hy- 
pothesis and the experimental findings of Wil- 
liams and Williams. 


METHOD 


Subjects 

The subjects for the study consisted of two groups 
of experimentally naive albino rats, each group con- 
taining ten male and two female animals of approxi- 
mately 90 days of age. These animals, of a Harlan 
strain, were obtained from the colony maintained by 
the department of psychology of The Pennsylvania 
State College. 


Apparatus 

The apparatus employed consisted of two identical 
wooden boxes with grid floors and hinged covers. 
Each box measured 15 in. by 9 in. by 12 in. T hree walls 
and the ceilings of the boxes were painted white, and 
the remaining side of plate glass permitted observation 
of the animals. The boxes were placed end to end and 
connected by a vertically sliding door which was 


7 the Division of Ẹx- 
i tudy was presented to s 
Ti Paychology at the 1951 meeting of the 


APA. 


2 Now employed at the University of Wisconsin. 
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operated manually by one of the experimenters. The 
grid floors consisted of 1.¢-in. brass welding rods which 
were placed at 14-in. intervals. It was Possible to 
charge the floor of the first box with direct electric 
current supplied by a Variac which was wired in series 
with a 1500-ohm resistance. 


Procedure 


Learning series. Each subject was permitted 1 min. 
in the apparatus with the door between the chambers 
remaining open. The animal was then removed and 
placed in a retaining cage. Twenty seconds later the 
subject was placed in the first box. The door between 
the boxes remained closed for a period of 5 sec. and 
was then raised. Two seconds later the current was 
turned on, and the grid floor of the first box remained 
charged until the subject had escaped into the second 
box. The door was then closed, and 10 sec. later the 
animal was removed from the second box and placed 
in the retaining cage. Twenty seconds later the second 
trial was begun. This procedure was followed until the 
animal reached a criterion of three consecutive es- 
capes in the 2-sec. interval occurring between the 
opening of the door and the application of shock. 

Extinction series. Twenty seconds after the last 
learning trial, the extinction series was started. Time 
sequences were the same as in the learning series. Con- 
trol animals were given regular extinction trials until 
they failed on three successive occasions to leave the 
first chamber within 10 sec. after the door had been 
opened. 

The first five extinction trials for the experimental 
subjects were blocked. That is, after the animal had 
been placed in the first box, it was retained there for a 
period of 15 sec., the door remaining closed. Com- 
mencing with the sixth trial, the door was raised and 
the remaining trials were the same as those of the con- 
trol subjects. These continued until the animal failed 
on three consecutive runs to leave the first chamber 
within 10 sec. after the raising of the door. 


RESULTS 


The results are relatively straightforward 
in indicating that those animals which were 
prevented from making the escape response 
early in the extinction series, extinguished 
more rapidly than the group always given 
the opportunity to make such a response. 

Table 1 indicates that though both groups 
had approximately the same number of re- 
inforcements during the learning series, the 
“blocked” group required a significantly 
smaller number of trials to reach the extinction 
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criterion. The difference between these groups 
is significant between the .01 and .02 level of 
confidence. ~ 


CONCLUSIONS 


The evidence provided by this experiment 
lends further support to Hulls hypothesis 
that response interruption results in behavior 
similar to that noted in experimental extinction 
(2). These results also appear to corroborate 
the findings of Williams and Williams (5) 
in that response prevention serves as a more 


TABLE 1 


Number of Trials to Reach Learning and 
Extinction Criteria 


| LEARNING | EXTINCTION | | 

GROUP N | oes cz 
| Mean| o |Mean| o* | | 

i 


- { f. 
Control ...... | np 6.49 38.08 25.32] 


L] [2.85 < .02 
Experimental. .| 12/13.506.39,12.67/15.29 | 


* The difference between the extinction variances islsufficiently 
large to cause concern regarding their homogeneity. The ¢ com- 
puted for this difference is between the 10 and 20 per cent level of 
confidence. In order to evaluate the results conservatively by com- 
pensating for the possibility of variance heterogencity, the authors 
have followed the recommendation of Snedecor (4) and halved the 
degrees of freedom when entering the / table. 


effective means of producing response cessation 
than traditional extinction procedure. 

Williams and Williams (5) have accounted 
for their findings in terms of Hull’s goal 
gradient hypothesis. The strength of the 
approach tendency in the goal gradient hy- 
pothesis is considered to be a function of the 
distance from the goal. Thus, blocking at a 
point farther from the goal would be more 
effective in inducing extinction than allowing 
the animal to reach the goal, inasmuch as the 
approach tendency would be weaker at the 
farthest point. 

It would appear to the authors that two 
alternative explanations are perhaps more 
parsimonious and seem more relevant to an 
avoidance-learning situation. Such alternative 
explanations center about the presence of one 
or two factors which might be operating to 
produce the experimental findings. 

The first might be described as counter- 
conditioning. In this instance, the experi- 
mental animals would be learning to make a 
new response during the blocked trials. Such 
a response would be learned inasmuch as it 
would be reinforced by the absence of shock 


(and pain) and the subsequent decrease in 
fear. Even though the door was raised later 
in the series, this new response of remaining 
in the first box would be sufficiently strong to 
weaken seriously or inhibit the previously 
learned escape response. 

It is possible also that the experimental 
findings could be accounted for on the basis 
of diminished drive strength. It is generally 
accepted that neutral stimuli, through a proc- 
ess of learning, can acquire drive properties. 
In the present design, it is possible that the 
blocked trials provided the animal with an 
opportunity to learn that the stimulus which 
had acquired secondary motivating charac- 
teristics was no longer potent. Thus, without 
the appropriate drive being present, the escape 
response would not be made. 

The major differences in the explanations 
Provided are that in the first, it is posited the 
box remains capable of eliciting fear, but the 
organism has learned an appropriate response 
to reduce it. In the second explanation, it is 
posited that the Previously neutral stimulus 
has lost its capacity to arouse the drive. 


SUMMARY 


The effectiveness of response interruption 
was investigated in an avoidance conditioning 
situation. Two groups of rats learned to escape 
from the first of two identical boxes to the other 
to avoid an electric shock. Control animals 
were then given typical extinction trials. Ex- 
perimental animals were prevented from 


making the escape response for the first five 
trials, and then the 
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VARIABILITY AND REACTIVE INHIBITION IN THE MEAL WORM AS A FUNCTION 
OF DETERMINED TURNING SEQUENCES 


JOSEPH H. GROSSLIGHT 
The Pennsylvania State College 


The concept of reactive inhibition offers 
an approach to the whole problem of variabil- 
ity in behavior. Rather than considering 
variability a function of unisolated chance 
factors or attributable to still unknown 
physiological events, reactive inhibition makes 
variability a lawful product of behavior itself. 
As stated by Lepley and Rice: 


When any reaction occurs, the probability of its 
later occurrence is reduced. The probability of its later 
occurrence increases with the continuing succession 
of following, dissimilar reactions. It is proposed that 
the probability of later occurrence would be reduced 
progressively with continued repetition; and that the 
degree of reduction would be proportional to the degree 
of repetitiousness. It is further proposed that this 
reduction in the probability of occurrence for a par- 
ticular reaction would enhance the probability of occur- 
rence for other reactions in the repertoire (3, p. 283). 


Reactive inhibition and its relation to 
conditioned inhibition has been a fairly stand- 
ard explanation for extinction in conditioning 
theory (1). Recently, Lepley (2) and Lepley 
and Rice (3) have extended the concept of 
reactive inhibition (Ip), as a source of varia- 
tion, to such phenomena as language in man 
and maze behavior in the paramecium. The 
experiment of Lepley and Rice applies the 
concept to the simple-choice turning of para- 
mecia following a forced-choice turn. The 
present study attempts to retest the original 
deductions, namely, that after a forced-choice 
turn, the organism will turn in the opposite 
direction at the next choice point. In addition, 
an extension of the basic proposition is offered. 
This proposition is suggested by them (3) and 
inherent in the whole concept of reactive 
inhibition, namely, that reactive inhibition 
is a transitory effect and is dissipated with 
time or distance (depending on the nature of 
the interpolated activity). The first three 
conditions of this experiment are similar to 
those of the paramecium study. e 

1. When an animal approaches a T choice 


point alorg a path without turns, the probabil- 
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ity of its turning right or left will approximate 
chance expectation. 

2. When an animal approaches a T choice 
point along a path requiring one preceding 
right (left) turn, the probability of its turning 
in the opposite direction will be increased, 

3. When an animal approaches a T choice 
point along a path requiring two preceding 
right (left) turns, the probability of its turn- 
ing in the opposite direction will be greater 
than that following a single preceding right 
(left) turn. 

The paramecium study supported the first 
two deductions only. A decrease in opposite 
turning was found for condition 3. In order 
to account for this, it was suggested by the 
authors that a possible distribution of the 
animal’s activity, in time, may occur, i.e., 
a longer swimming time on the second path- 
way. As a result, reactive inhibition, or some 
portion of it, is dissipated with a consequent 
decrease in opposite-turning behavior. To test 
this proposition, a fourth condition was added 
to the previous ones: 

4. When an animal approaches a T choice 
point along a path requiring one preceding 
right (left) turn, the probability of turaing 
in the opposite direction is related to the 
distance between the first turn and the choice 
point; the longer the distance, the closer the 
turning behavior will approach a 50:50 ex- 
pectation. 


METHOD 
Subjects 


The subjects of this experiment were approximately 
800 meal worms, larvae of Tencbrio molitor. The larvae 
measured from 2.3 cm. to 2.7 cm. in length. Their 
width varied from 3.0 mm. to 3.4 mm. This species, 
rather than one of paramecia, was selected for two 
major reasons. First, it is difficult to etch mazes of the 
size appropriate to paramecia without marked irreg- 
ularities in the pathways. Secondly, the meal worm 
represents a higher order in the phylogenetic scale and 
affords a comparative study of reactive inhibition be- 
tween the meal worm and the paramecium. In addi- 
tion, because of the size and activity of meal worms, 
runs involving only one organism are Possible. 
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Apparatus 


The 11 mazes were made of plaster of Paris, from 
molds with 4-mm. glass tubing as the imprint source, 
and covered with equal proportions of beeswax and 
paraffin. Before the coating, each maze was carefully 
sanded to remove any irregularities in the pathways 
and the choice points. Each maze consisted of a start- 
ing well, connecting pathways of various lengths, a 
number of forced turns, and a choice point. The five 
major experimental variants were as follows: 

1. T: a maze with a 3-cm. pathway and no turns be- 

tween the starting well and choice point. 

2. R-T: mazes with pathways of 114, 3, 6, and 12 
cm., respectively, between forced right turn 
and choice point. 

3. L-T: mazes with pathways of 114, 3, 6, and 12 
cm., respectively, between forced left turn and 
choice point. 

4. R-R-T: maze with two 3-cm. pathways between 

two forced right turns and choice point. 

. L-L-T: maze with two 3-cm. pathways between 
two forced left turns and choice point. 


wn 


Procedure 


Because of practical considerations, a sample-size 
of 50 subjects was deemed adequate for each of the 
forced-turn mazes, for the results combined according 
to prediction would result in an N of 100 for each length. 
The sample-size for the T maze was 100. In addition, 
as a pretest for biasing factors in each maze (except 
T), a sample of 20 subjects was employed. Therefore, 
a total of 700 meal worms was actually used. 

The meal worms were maintained ina growth mash 
and were sifted from it about a half-hour before the 
actual run in order to insure lively activity. Any 
larvae showing signs of metamorphosis, sloughing of 
skin, or general lethargy were discarded at once. Each 
maze was placed on an 8-in. square platform and cen- 
tered and leveled on a table tripod. This insured against 
any biasing effect of gravity in determining turns. 
The standard procedure and rules for the single run 
that each worm made were as follows: the animal was 
placed in the starting well, and a clear plastic cover 
was placed over the entire maze. Any animal that did 
not start into the pathway immediately, or after one 
gentle tapping of the maze, was discarded. During 
the run, any animal that tended to “creep,” back up, 
take more than 5 sec. to make a choice at the choice 
point, or crawl along the side instead of moving down 
the center of the pathway, was discarded. As soon as 
an animal was discarded, a new one was started until 
50 animals had been run for each condition. All the 
above criteria resulted in the rejection of from 80 to 
100 animals, and the last condition was responsible 
for approximately 75 per cent of the total discards. 


RESULTS AND INTERPRETATIONS 


The first proposition to be tested was that 
for an animal approaching a T choice point 
along a path without turns, the probability of 


its turning right or left would approximate 
chance. Actually, 52 per cent of the animals 
turned left and 48 per cent turned right. This 
difference of 4 per cent is well within chance 
variation and clearly supports the first proposi- 
tion. 

Since the remaining propositions support a 
preferential turning, it is essential that such 
turning preference be a product of the previ- 
ous behavior, not of bias in the maze. In order 
to rule out any such bias, 20 meal worms with 
no previous turning experience were run in 
each maze. They were placed in the alleyway 
before the choice point.! The results of this 


TABLE 1 


Distribution of Turns in Pretest of the Mazes 
| 


MAZE LENGTH IN CENTIMETERS 
DIRECTION | ii ara 
OF TURN | 1% 3 I6 w (2) 3 
E E O), Sil 
L-T R-T L-T R-T L-T R-T L-T R-T L-L-T R-R-T 
Left 10 9| 9 i 
Right |10 11 [H 


| s ma { 
910 11/11 10 11 10 
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TABLE 2 


Comparison of Length and Right- and Left-Turning 
Mazes: Analysis of Variance 


| df SUM OF SQUARES py ARIANGE: 
Tight and left mazes. we 1 | j 8 1 | 8.1 
ONO oe we citae 4 357.0 | 89.3* 
Remainder (M x Died) AI 19.4 4.9 
N ee 
Tötal. esiga sects os « 9 | 384.5 | 


r — 
equals 18.22 for 4 and 4 4. of 15.98 needed at the .01 level. 
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the forced turn and the choice point. An 
analysis of variance (Table 2) of the turning 
behavior indicates clearly that length of path- 
way is a highly significant variable, but there 
is no significant difference between the right 
and left forced-turn mazes. For the combined 
results of R-T and L-T mazes of 115 cm., 85 
per cent turned in the predicted direction 
(i.e., opposite to the previous forced turn). 
The percentage decreases as the distance 
between the forced turn and choice point 
increases, and approaches 50 per cent at 12 
cm. The differences for 114, 3, and 6 cm. 
when tested against a 50:50 expectation, are 
significant beyond the .01 level of confidence 
(Table 3). The analysis of the R-T and L-T 
mazes separately gives the same general 
picture, with equivalent magnitude of signifi- 


TABLE 3 


Percentage Turning in Predicted Direction for Control, 
One-Turn, and Two-Turn Mazes 


i % TuRninc | | % 
MAZE kt N IN PREDICTED | o% |— 
DIRECTION | 
ie 100 52 4.99 | 0.40 
One-turn 
114 cm... 100 85 3.57 9.80 
BST cairns 100 84 3.67 9.26 
CE PETE 100 75 4.33 S47 
TZM. nsa 100 58 4.94 1.62 
‘Two-turn isa 
CMDs cst ate 100 93 2.55 | 16.86 


cance for each length of maze. The results 
support the hypothesis and previous findings 
that reactive inhibition from a specific response 
is dissipated in time. Therefore, other things 
being equal, the shorter the time after the 
evocation of a response, the greater is the 
probability that a subsequent response will 
differ from the previous one. 

When an animal approaches a choice point 
along a path requiring two preceding right or 
left turns, the probability of turning in the 
opposite direction will be even greater than 
the probability following one turn. This propo- 
sition was not supported by the Lepley and 
Rice study, but is borne out by the data from 
the 3-cm. L-L-T and R-R-T mazes of this 
experiment. The combined results show that 
93 per cent of the animals turned in the direc- 
tion opposite that of the two preceding fórced 


turns. This is a greater percentage than found 
for even the 115-cm. single-tyrn, maze, and 
this difference is significant between the .06 
and .07 levels. When the double-turn maze is 
compared with the single-turn maze having 
alleyways of comparable length, Le. 3 cm., 
the difference is significant at the .04 level of 
confidence. To account for their failure to find 
this support, Lepley and Rice offered two 
hypotheses: (a) The second turn establishes 
a habit strength sufficient to negate partially 
the reactive inhibition of the repetitive be- 
havior; and (b) The distribution of the ani- 
mals’ activities, in time, between turns may 
permit partial recovery from reactive inhibition 
and thereby decrease the probability of op- 
posite-turning behavior. 

The results of this study on distance and 
reactive inhibition clearly support the latter 
hypothesis as a feasible explanation for their 
failure. It is then possible that the time re- 
quired for the paramecium to swim the second 
leg of the maze was longer than for the first, 
allowing some dissipation of reactive inhibition 
and thereby decreasing opposite-turning be- 
havior. It is conceivable as well, and thereby 
producing the same over-all effect, that for 
the paramecium, the length of pathway be- 
tween turns was sufficiently long to dissipate 
some of the reactive inhibition, and shorter 
pathways would have demonstrated the effect. 


SUMMARY 


The experiment reported was designed to 
retest the original hypotheses of Lepley and 
Rice regarding reactive inhibition in maze- 
turning behavior, using meal worms instead of 
paramecia. Fifty meal worms were employed in 
each of 11 mazes. The control maze consisted 
of a straight pathway followed by a T choice 
point. Eight mazes consisted of a single forced 
turn with pathways of varying lengths fol- 
lowing the forced turn and preceding the 
choice point. In addition, two mazes had 
two forced turns preceding the choice point. 
The distribution of right and left turns in the 
control maze closely approximated chance 
frequency. In the one-turn mazes, the tendency 
to turn in the opposite direction from the 
forced turn was highly significant, but de- 
creased in magnitude and significance as the 
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length of pathway increased. This finding is REFERENCES 
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SENSORY PRECONDITIONING UNDER TWO DEGREES OF DEPRIVATION! 


HARRY P. BAHRICK 
Okio Wesleyan University 


In an earlier study by the present author 
(1) four groups of rats were given sensory 
preconditioning training to a buzzer and a 
light under different degrees of food and water 
deprivation. The animals were later taught 
avoidance responses to the buzzer and the 
light by pairing each of these stimuli with 
electric shock. It turned out that those ani- 
mals which had experienced sensory pre- 
conditioning under higher degrees of depriva- 
tion learned both avoidance responses faster 
than the animals which had been given the 
training under lower deprivation. Because 
no reward was given during the training, these 
results were interpreted to mean that learning 
during sensory preconditioning is influenced 
by the degree of deprivation and that this 
relationship is independent of reward. 

However, the above interpretation of the 
results was open to question for several rea- 
sons. The most important criticism of this 
interpretation is based upon the fact that the 
higher deprivation groups learned not only 
the avoidance response to the light faster, 
but also the avoidance response to the buzzer. 
Tf the animals had learned an association 
between buzzer and light during the training, 
this would be expected to influence the rate 
at which an avoidance response could be 
transferred from the buzzer to the light, but 
not the rate at which an avoidance response 
is learned to the buzzer in the first place. The 
performance of a control group in the above 
study indicated that the faster rate of learning 
the avoidance response to the buzzer was 
probably the result of a higher activity level. 
The animals that had experienced sensory 
preconditioning under higher deprivation had 
been deprived for ten days, and after-effects 
of this prolonged deprivation apparently 
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caused a higher activity level during the 
learning of the avoidance response to the 
buzzer. 

The present experiment was designed to 
eliminate differences in the activity level of 
the animals after the sensory preconditioning 
training is completed. The design of this study 
was also changed in such a way that sensory 
preconditioning could be demonstrated more 
easily. 

One reason for the difficulty of demonstrat- 
ing the effects of sensory preconditioning in 
rats is the amount of time which usually 
elapses during such an experiment. Sensory 
preconditioning studies which follow the 
original design of Brogden (2) usually are 
arranged in three parts. The subjects are first 
stimulated simultaneously by two neutral 
stimuli (e.g., a light and a tone) a number of 
times. In the second part, one of the two 
stimuli is used as a conditioned stimulus for 
some response, and in the third part, the second 
of the two stimuli is presented to test whether 
the conditioned response is transferred, thus 
giving evidence of learning during the first 
part of the experiment. 

Because the learning during sensory pre- 
conditioning does not become apparent until 
the third part of the experiment, the animals 
have a chance to forget the original learning 
during the second part. In order to minimize 
this possibility, the second part should be as 
short as possible. The present experiment 
accomplishes this by using a very simple 
avoidance response, and by continuing in the 


-experiment only those animals that have 
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learned this avoidance response within two 
days of training. 


METHOD 


Subjects 


The subjects were 39 naive, male albino rats of the 
stock maintained by the Ohio State University psy- 
chological laboratories. The animals were between 90 
and 140 days old at the beginning of the experiment. 


40 HARRY P. 


Apparatus 


The apparatus consisted of a circular grill enclosed 
by an inner and outer wall of transparent Plexiglas, 
with diameters of 24 and 32 in., respectively. A similar 
apparatus was used by Hunter (4), and is also shown 
by Mowrer (5, p. 66). In the center of the apparatus 
a 100-w. light and a 6-v. buzzer were mounted. The 
buzzer and light were connected to an automatic 
timer, which turned them on simultaneously for a 2- 
sec. period at intervals of 30 sec. The buzzer and light 
could also be turned on individually by means of 
manually operated push buttons. The entire circular 
grill could be electrified by a current of 60 cycles and 
750 v., with a 3,000,000-ohm resistor permanently 
arranged in series with the resistance of the animals 
on the grid. This current could be controlled manually 
by means of a push button, or automatically, follow- 
ing 2 sec. after the light or buzzer, and lasting until 
manually interrupted. 


Procedure in Part 1 


The animals were randomly divided into two experi- 
mental groups and one control group. The two experi- 
mental groups differed in the deprivation conditions 
established during part one. Although both groups were 
given food and water for 8 hr. during each 24-hr. period, 
they differed in their deprivation state at the time of 
training. Group 1 was trained after 14 hr. of food and 
water deprivation, and group 2 was trained immediately 
after food and water satiation. The control group was 
also trained after 14 hr. of deprivation, and w. 
fed for 8 hr. during cach 24-hr. period. 

Both experimental groups were tr: 
six animals at random and placing them simultaneously 
in the apparatus. They were then presented with 60 
paired stimulations of buzzer and light. Each presen- 
tation lasted 2 sec., and the presentation occurred at 
30-sec. intervals. At the end of the training the animals 
were placed in separate deprivation cages, Group 1 was 
left in the deprivation cage for 1 hr. and was then placed 
in the feeding cage, while group 2 remained on de- 
privation for 15 hr. The control group differed from 
group 1 only in that a light but no buzzer was pre- 
sented during the pretraining. The training for all 
groups continued for six days, At that time 360 stim- 
ulus presentations had been administered. 
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Procedure in Part 2 


All animals were satiated at the end of sensory pre- 
conditioning and except for the experimental session 
were left in their feeding cages throughout the re- 
mainder of the experiment. 

The animals were placed individually in the appara- 
tus and were conditioned to run on the grid in either 
direction at the sound of the buzzer. The buzzer was 
presented at 30-sec. intervals, and if the animal failed 
to perform the conditioned response, a shock followed 
after 2 sec. Both shock and buzzer continued together 
until the animal had run a distance of at least 6 in., 
at which time the experimenter terminated both 
buzzer and shock. The responses of the animals were 
usually quite definite, and the judgment of a correct 
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response was not difficult. Training was administered 
at the rate of 30 trials per day, for a maximum of two 
days, or until the criterion of training had been reached. 
The criterion was set at four consecutive correct 
avoidance responses. Animals which had not reached 
the criterion within 60 trials were eliminated. All 
three groups received the same training in parts 2 and 
3 of the experiment. 


Procedure in Part 3 


The training in part 3 was the same as that in part 
2, with the only exception that the light was used as 
the conditioned stimulus instead of the buzzer. Animals 
were started on part 3 on the day after they had 
reached the criterion in part 2. The criterion in part 
3 was again set at four consecutive correct avoidance 
responses, and training was continued for a maximum 
of three days at the rate of 30 trials per day. Animals 
were trained in all Parts of the experiment until a 
total of ten animals from each group had passed the 
criterion in part 3. It was necessary to train 39 animals 
in order to accomplish this, Five animals were climi- 
nated because they failed to reach the criterion in part 
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for the demonstration of positive transfer. 
Furthermore, since the phenomenon of sen- 
sory preconditioning rests upon the assump- 
tion of positive transfer from part 2 to part 3 
of the experiment, this paradox must be re- 
solved before the results of part 3 can be in- 
terpreted as establishing the occurrence of 
sensory preconditioning in this experiment. 

Data from a pilot study offer a possible 
explanation for the apparent absence of posi- 
tive transfer. These data indicate that positive 
transfer did take place, however, from a simple 
to a more difficult S-R connection. Although 
the response of running is the same in both 
cases, it appears that this response is attached 
more readily to the buzzer than to the light 
used in the experiment. In some cases the 
running response occurred almost as an un- 
conditioned response to the buzzer, but never 
to the light. For six animals used in the pilot 
study a mean of 68 trials was required to learn 
the CR to the light, if no prior training had 
been given. The greater ease of attaching the 
response to the buzzer may be due to differ- 
ences in the intensity of the light and the buz- 
zer, or it may be due to differences in native 
behavior tendencies of the animals. Such differ- 
ences would become particularly important in 
regulating the rate of acquisition of the CR 
when the required response is as simple as the 
one used in this experiment. Observations from 
the pilot study would therefore indicate that 
positive transfer did occur from part 2 to part 
3, but that this transfer is not readily apparent 
because it only served to reduce the greater 
difficulty of learning the running response to 
the light. 

In order to establish this interpretation it 
would be necessary to have available the 
record of another control group which is 
trained in part 1 and part 3, but not in part 2. 
No such control group was trained because 
the experimenter overestimated the amount 
of positive transfer which would occur. This 
leaves the above interpretation the most likely 
one, in the opinion of the writer, but does not 
establish it experimentally. en A 
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privation at the time of training in part 1. 
Furthermore, the training apparently resulted 
in more than a simple habituation to the light, 
for the control group which had only been 
presented with the light was not equally able 
to transfer the avoidance response from the 
buzzer to the light. The experiment therefore 
confirms the conclusion of the earlier study, 
that learning in the absence of reward is 
increased by the degree of deprivation. This 
relation is opposite to the one indicated by 
the results of other latent-learning studies. 
The results of other studies led Hilgard (3, 
p- 286) to conclude that latent learning could 
be obtained only under low degrees of motiva- 
tion. In the writer’s opinion this apparent 
conflict is best resolved by reference to a basic 
difference between the present and earlier 
studies. In the present experiment no reward 
was offered during the sensory preconditioning 
training, while a reward was usually given in 
those latent-learning studies which have shown 
the opposite relation between latent learning 
and deprivation. It is apparently only the 
combination of a strong goal demand with 
strong reward expectation which so restricts 
the perceptual activity of the animal that 
irrelevant cognitions cannot be formed. 

The possibility of explaining the results of 
this study on the basis of differential secondary 
reinforcements derived from feeding subse- 
quent to sensory preconditioning training is 
not feasible in the opinion of the writer. The 
animals were not fed until at least 1 hr. after 
this training was completed, and were also 
placed in separate deprivation cages at the 
end of each training session. 

The results of this experiment are not in 
conflict with the results of a recent study by 
Wickens and Briggs (6). In this study sensory 
preconditioning was explained on the basis 
of mediated stimulus generalization. It is 
possible that the animals in the present ex- 
periment learned to make the same movements 
to the buzzer and the light during sensory 
preconditioning, and this association could 
have mediated the transfer of the CR from 
the buzzer to the light. 


SUMMARY 


Thirty-nine albino rats were divided into 
three groups and were trained in a sensory 
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preconditioning experiment. During part 1 of 
the experiment the animals were exposed to 
360 paired presentations of a buzzer and a 
light; during part 2 the animals were taught 
a running response to the buzzer by pairing 
the buzzer with shock, and during part 3 the 
animals were taught the same running response 
to the light. Two of the groups were experi- 
mental groups which differed in the degree of 
food and water deprivation they experienced 
during the training in part 1. The third group 
was a control group which was presented with 
only a light, but no buzzer during part 1. 

The results indicate the learning of the 
avoidance response to the light was facilitated 
by a high deprivation condition during part 1. 
The group which experienced higher depriva- 
tion during sensory preconditioning learned 
the avoidance response to the light signifi- 
cantly faster than the group which was satiate 
at the time of this training. 

The occurrence of sensory preconditioning 
is also indicated from the performance of the 
control group, which received high deprivation 
during part 1 but was presented only with a 
light. This group learned the avoidance re- 
sponse to the light significantly slower than 
the experimental group which had been pre- 
sented with both a buzzer anda light and which 
had experienced the same deprivation during 
part 1. 


The results show that learning of the avoid- 
ance response to the light was generally slower 
than learning the same response to the buzzer. 
Since training to the light followed training 
to the buzzer, this indicates negative transfer, 
and such transfer would conflict with a sensory 
preconditioning interpretation of the results. 
In the writer’s opinion the transfer from buzzer 
to light was positive but only appears to be 
negative because of the greater difficulty of 
learning the response to the light. This interpre- 
tation is supported by data from a pilot study 
but would require the records of another con- 
trol group to be experimentally established. 
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AN EVALUATION OF DEFECATION AND URINATION AS - 
MEASURES OF FEARFULNESS! 


DALBIR BINDRA anp WILLIAM R. THOMPSON? 
McGill University 


As any comparative psychologist knows, rats 
can defecate and urinate at most inopportune 
moments, and to trust one’s judgment con- 
cerning the course of the eliminative urge in the 
råt is at best a risky business. For this reason, 
special significance attaches to conditions 
under which it is possible to state with some 
confidence the likelihood that the animal will 
eliminate. Unfamiliar surroundings constitute 
one such condition. When a rat is introduced 
into a strange situation, it characteristically 
explores, urinates, and defecates. On repeated 
exposures to the same situation, however, 
elimination diminishes steadily; it is the trial- 
to-trial decrease in elimination that distin- 
guishes this emotional elimination (2) from the 
normal, unpredictable variety. i 

Rats are varyingly susceptible to emotional 
elimination. This susceptibility can be reliably 
measured by Hall’s open-field test (2). Further- 
more, it is possible through selective breeding 
to produce “high-elimination” and “‘low-elim- 
ination” strains (3). All this shows that sus- 
ceptibility to emotional elimination isa mean- 
ingful dimension of behavior. But, is emotional 
elimination related to any other psychologically 
significant variables? Hall thinks it is very 
closely related to fear. In one of his early 
studies (2) he found a high correlation (.82) 
between frequency of elimination and failure 
of eating, both being measured concurrently 
in the open-field situation. More recently, 
Hall (5) has argued that failure of eating in 
hungry rats results: from fear of the strange 
situation, and that, in view of the high correla- 
tion referred to above, emotional elimination 
be considered as a generally valid 


could tandard test” (5, p. 370) of 
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1 This research was supported by the National 
j] of Canada. 

Research [on are indebted to Messrs. M. P. Hyatt, 
2 The au M. Solomon, and E. B. Van Zaig for 


M. Ripsman, L. in carrying out the experiment. 
A Je assistance 
their valuab 43 


to other situations of the relation that Hall 
discovered in his validation study is not to 
be taken for granted. Rather, to establish the 
general validity of emotional elimination as a 
measure of fearfulness, one would have to 
demonstrate that the same relation holds in 
at least a few other situations. 


PROBLEM 


We shall assume with Hall that when a 
hungry rat is placed in a strange situation, 
its failure to eat is due to the arousal of a 
central emotional state of fear. The purpose 
of this study is to test the validity of emotional 
elimination as a measure of fearfulness in a 
situation other than, but similar to, the open 
field. Since a close relation between elimination 
and timidity (as measured by Stone’s “stove- 
pipe test,” for example) has also been suggested 
(5), it was decided to run the animals on a test. 
of timidity as well. 


PROCEDURE 


Thirty-two rats (9 males, 23 females) were used in 
this study; 19 were albino, the rest hooded. They were 
approximately 100 days old at the time of testing. Each 
S was tested first in a modified open-field situation, and 
then, after a rest period of about a week, in a situation 
designed to measure timidity. Throughout the course of 
the experiment Ss were kept on a deprivation schedule 
and were given access to food for only 3¢ hr. each day. 


The Modified Open-Field Test 


A large, floorless metal box, 24 in. by 18 in. by 16 in., 
was placed on a washable surface in a well-lighted ex- 
perimental room. In the center of the cage was an im- 
movable dish containing Purina wet mash. One at a 
time, each hungry rat was introduced into the cage, the 
door closed, and records taken of defecation, urination, 
and time spent eating for ten daily trials. Each trial 
lasted 10 min.; at the end of this period S was removed 
from the cage, the cage was lifted, and the glass floor 
washed to clear away any signs of urine and feces. On 
the tenth day, a metronome (approximately 150 beats 
per minute) was placed outside the cage just as S was 
put into it. The metronome ticked throughout the 10- 
min. trial, and seemed to be effective in producing fear 
in the animals. 
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Timidily Test 

The test of timidity was similar to one used by one 
of the present authors (1) in studying hoarding. Each S 
was put in a separate living cage three days prior to the 
timidity test. On the day of the test, the cage, with the 
hungry animal, was placed at the end of a 5 in. by 50-in.- 
wooden runner, which rested at each end on a 3-ft.-high 
support. The distance between the foot of the cage and 
the far end of the runner was 36 in. The test started 
when the door of the cage was opened, thus allowing S 
to wander out on the runner. The time that it took S to 
reach the food end of the runner was recorded, and was 
taken to be a measure of the rat’s timidity. (This test 
was repeated on the following day in order to obtain 
test-retest reliability.) 


Weighing 


After the timidity test the Ss were placed on a free- 
feeding schedule. Three weeks after resumption of nor- 
mal diet Ss were weighed . (These data are available on 
only 24 of the 32 rats.) 


RESULTS 


The results are discussed in terms of the 
following measures obtained from each S, (a) 
Emotional elimination: number of days on 
which S defecated or urinated in the modified 
open-field test. (Maximum score = 10.) (b) 
Fearfulness: time spent in eating food during 
the first exposures to the open field. (Maximum 
score = 600 sec.) (c) Timidity: time taken by 
S to emerge from its cage and reach the food 
at the end of the runway. If S did not leave 
the cage within 35 min., the test was ter- 
minated, and S was given an arbitrary score of 
2,000 sec. If Ș put its two front paws outside 
the cage, but did not actually leave the cage, 
it was given a score of 1,800 sec. Test-retest 
reliability for the test of timidity, obtained by 
correlating the scores on the first day with 
scores on the second, was .77. (d) Weight. 

It should be noticed that the measure of 
fearfulness is the time spent eating on the 
first trial only. The reason for not considering 
time scores for the following nine trials lies 
in the assumption that it is only on the first 
day that differences in time spent eating are 
likely to be maximally a function of fearfulness; 
on subsequent trials eating is likely to depend 
increasingly on other factors, such as weight, 
eating habits, etc. of the animal. This assump- 
tion is supported by the coefficients of correla- 
tion between weight on the one hand and time 
spent eating on each of the ten trials on the 
other. There correlation coefficients are pre- 


sented in Table 1. It is seen that whereas the 
time scores are related to weight on Trials 2 
to 9, the coefficients of correlation approach 
zero on Trials 1 and 10. (It will be recalled that 
on the tenth test a metronome was used to 
produce fear in the Ss.) These results are 
consistent with the assumption that it is on 
the first day that differences in eating most 
truly represent differences in fearfulness. 

; So far as the timidity test is concerned, three 
Ss obtained a timidity score of 2,000 and two 
of 1,800. The scores of the remaining Ss ranged 
between 11 and 1563 sec., with a median of 354. 

Intercorrelations (rank order) among the 
three variables, emotional elimination, fearful- 


; , TABLE 1 
Sene of Rank-Order Correlation between 
eight and Time Spent Eating on Each 
_of the 10 Trials, N = 24 


TRIALS 


33) .55|.43).23|.42) 41 .05 


Poey TABLE 2 
oethcients of Rank-Order Correlation among the 
hree Measures, N = 32 
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C. Timidity., 
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€re is no significant relation 
S and elimination, as these 
red in our experiment. Nor 
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emotional elj 7 rmining the relation between 
nificant t Oo and fearfulness, no sig- 
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ination is not a generally valid instrument for 
measuring fearfulness. 

Of course, our conclusion does not invalidate 
the finding that it is possible to breed “‘high- 
elimination” and “low-elimination” strains of 
rats. But calling these strains “more fearful” 
and “less fearful,” or “more timid” and “less 
timid,” would certainly be inconsistent with 
our conclusion. The characteristic that is 
differentially bred in these strains is not fear- 
fulness or timidity, but probably what may be 
best termed as autonomic reactivity, or prone- 
ness to autonomic involvement, or even suscep- 
tibility to a very general type of emotional 
disturbance, which leads to defecation and 
urination under conditions of any unusual 
stimulation. There is no reason for not accept- 
ing Hall’s term emolionalily to describe this 
characteristic so long as one recognizes that 
emotionality is not be be equated with fearful- 
ness or timidity, and that it may have very 
little to do with what is normally called emo- 
tion or emotional behavior. 

In his chapter on “Individual Differences” 
in Stone’s Comparative Psychology, Hall lists 
a number of traits (e.g., active, aggressive, 
persevering) with which fearfulness is sup- 
posedly related (5, p. 378). Since it appears 
that in all these studies the distinction between 
fearless and fearful rats was based on their 
susceptibility to emotional elimination, none 
of these conclusions can be considered estab- 
Jished in view of our findings. 


SUMMARY 


The purpose of the present expériment was 
to examine Hall’s suggestion that emotional 
elimination (defecation and urination in a 
strange situation) is a generally valid measure 
of fearfulness. Thirty-two Ss were given two 
tests from which three measures were obtained 
for each S: (a) emotional elimination (modified 
open-field), (b) fearfulness (failure to eat when 


hungry), and (c) timidity (modified cage- 


emergence test). Coefficients of correlation 
among these measures were not significantly 
different from zero. The discrepancy between 
these results and those of Hall (2) is discussed, 
and it is concluded that emotional elimination 
is not a generally valid measure of fearfulness. 
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SHYNESS AS A FACTOR INFLUENCING HOARDING IN RATS 


ECKHARD H. HESS 
The University of Chicago 


In a paper on hoarding, Bindra (1) proposed 
an extension of the security hypothesis offered 
some time earlier by Miller and Viek (2). In 
his discussion Bindra made the following state- 
ment: “Hoarding depends on the difference in 


Fic. la 


Fic. 1b 


Fic. 1. Diagram of “open” hoarding alley and 
modifications of alley 


security offered by the cage and the alley, 
which in turn depends, in part, on the shyness 
of the individual rat” (1, p. 401). While Bindra 
demonstrated that there was a difference in 
the amount of hoarding under the two condi- 
tions used, open and closed hoarding, he 
merely suggested that there might be varia- 


tion in the amount of hoarding due to differ- 
ences in shyness. The explanation he offered 
is that “the more shy animals feel insecure and 
hoard; the less shy animals feel secure and do 
not hoard” (1, p. 401). 

It was decided to test this “shyness” hypoth- 


esis experimentally by means of procedures 
similar to those used by Bindra. 


MATERIALS AND METHODS 
Apparatus 


The basic alley used in this experiment was a board 


Was supported by iron pipe at a height 


7 ft. long. This 
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Tic. 2. Hoarding Scores with “open” alley 


` : S of this basic alley were used. The 
T ob. : Biss mesh cover, about 5 in. high and made 
Figs Tie ee teak, which covered the entire 
cation of the ae edification consisted of a dupli- 
be fitted into the maaa ley (see 3) which could 
now a closed-type any proper so that there was 
been the open situ nway where there had previously 


be seen in Figure Wa Both modifications may also 


Animals 


“SHYNESS” AND HOARDING $7 


Procedure 


Shyness of all Ss was tested by the same method 
as that used by Bindra as a measure of security. The 
length of time taken to move from the cage on to the 
open runway with all four feet was taken as an indica- 
tion of S’s shyness. The Ss which ventured onto the 
runway in less than 5 min. were considered to be non- 
shy; those that took more than 20 min. were considered 
to be shy. 
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in Figure 2. It will be seen that those Ss which 
had been earlier classified as nonshy hoarded 
more pellets in the open hoarding situation 
than those which had been classified as shy. 
This same effect can be again seen in the scores 
represented in Figure 3. The mean hoarding 
scores on days when the open maze situation 
was used with this group of Ss again show 


~------ Sty Lats 
Non Shy Rats 


oO Open Runways 
O  Mesh-Enclosed Runways 
@ eod-Enclosed Runways 


DAY OF HOARDING 


Fic. 3. Hoarding scores with “open” alley and two modifications of alley 


The tests were the typical ones used in hoarding 
experiments and consisted of allowing Ss to hoard for 
1 hr. each day. Three pellets were fed after the 16-hr. 


test. 
In part 1 of the tests only the unmodified open 


runway was used. In the second part the runway was 
Se ike as follows. On hoarding days 8, 10, 12, and 
14, the closed runways were placed in the situation, 
and on days 19, 21, and 23 the mesh covers were used. 


RESULTS 


The mean hoarding scores of the Ss used 
in the first part of the experiment can be seen 


this same difference between groups classified 
as shy or nonshy. 

The changes brought about by modifying 
the runways in the two previously described 
manners are indicated, beginning at the eighth 
day. It will be seen that as a result of enclosing 
the maze, the shy Ss now hoard more pellets 
than do the nonshy Ss. Finally, it will be noted 
that the scores obtained on days 19, 21, and 
23, when the mesh covering was used, do not 
differ markedly for the two groups. It should 
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be mentioned that the raw scores for 7 of the 
12 individual Ss are in complete agreement 
with the mean trend, while each of the remain- 
ing 5 Ss has but a single score which is not con- 
sistent with the general trend.! 

While the results obtained in the first part 
of the experiment, in which shy Ss hoarded 
less than those classed as nonshy, appear at 
first to negate the finding of Bindra, it is soon 
apparent that what is happening here is that 
the shy Ss do not venture onto the runway. 
This obviously makes hoarding impossible. 
At the same time the introduction of a closed 
alley has the effect of slightly decreasing the 
hoarding score for the nonshy Ss, and the 
additional effect of a subsequent increase of 
hoarding when there is a return to the open 
situation. The scores of the shy Ss show the 
opposite trend. Introduction of the closed alley 
causes a large increase in the mean number of 
pellets hoarded, and there is apparently some 
carry-over of this effect when the open situ- 
ation is again used. Introduction of an open 
mesh covering, which should presumably 
cause a result lying somewhere between those 
obtained when using the open and closed alleys, 
indeed causes this result. 


1 Tables 1 and 2 showing hoarding scores of shy and 
non-shy rats may be obtained by ordering Document 
3911 from the American Documentation Institute, 
Auxiliary Publications, Photoduplication Service, % 
Library of Congress, Washington 25, D. C., remitting 
$1.25 for microfilm (images 1 in. high on standard 
35 mm. motion picture film) or $1.25 for photocopies 
(6 in. by 8 in.) readable without optical aid. 


The results, then, seem to indicate that 
hoarding is influenced not only by physical 
make-up of environmental situations but de- 
pends to an equally important degree on the 
individual “personality” of the S. These results 
conform particularly well with those obtained 
by Bindra if we assume that on the basis of his 
selection procedure he chose Ss which were 
predominantly nonshy. 


CONCLUSION AND SUMMARY 


The experiment reported in this paper con- 
firms the security hypothesis offered by Miller 
and Viek and by Bindra. It demonstrates, in 
addition, that individual differences of shyness 
in rats effectively modify the behavior of these 
Ss when hoarding under conditions differing 
in the amount of security they offer. 

The general conclusions reached are that: 
(a) Nonshy rats hoard more pellets under open 
conditions which represent minimum security. 
(b) Shy rats hoard more pellets under condi- 


tions which offer moderate security between 
cage and hoarding bin. 
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THE EFFECT OF VARYING THE INTENSITY AND THE DURATION-OF 
PRE-EXPOSURE UPON SUBSEQUENT DARK ADAPTATION 
IN THE HUMAN EYE! 


F. A. MOTE 


University of Wisconsin 


Several experiments have been carried out 
in order to determine the effect of varying the 
intensity and the duration of pre-exposure 
upon human dark adaptation. The interrela- 
tionships of intensity and time of exposure 
and their mutual influence upon subsequent 
dark adaptation are, however, still not clear, 
particularly for different values of time and 
intensity which fulfill the reciprocity relation- 
ship I X ¢ = C. In 1937 Wald and Clark (15) 
conducted an experiment in order to gather 
information bearing upon a specific hypothesis 
regarding the interrelationships of intensity 
and time of pre-exposure. Evidence had been 
presented (14) that the complete cycle of 
rhodopsin breakdown and regeneration in- 
volved, first, its conversion into retinene, 
thence to vitamin A, and back to rhodopsin. 
The regeneration could occur directly from 
the retinene stage or, more indirectly, from the 
vitamin A stage. In terms of the assumption 
that rod dark-adaptation is the expression of 
the increase in concentration of rhodopsin 
following its decomposition by light, Wald 
and Clark proposed that the two modes of 
rhodopsin regeneration should be reflected in 
measurements of dark adaptation. They pre- 
dicted that following a short, intense pre- 
exposure, dark adaptation would be rapid; 
this would represent the predominance of the 
rhodopsin-retinene-rhodopsin mode of break- 
down and synthesis. On the other hand, follow- 
ing a long pre-exposure, dark adaptation would 


AND 


be slow, representing the more circuitous mode ` 


of regeneration involving vitamin A. The pre- 
dicted results were obtained; this means that 
pre-exposure time and intensity are not inter- 
changeable variables with respect to their in- 
fluence upon subsequent dark adaptation, 


A was carried out in the psychology 
1 fy io es a Teray of Wisconsin. It was sup- 
abora! or the Research Committee of the Graduate 
ported E ihe University of Wisconsin from funds ap- 
sen for research by the State Legislature. 
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A. J. RIOPELLE 


Emory University 


Later, Haig (5) presented data showing that 
time and intensity are interchangeable, for a 
curve of rod dark-adaptation obtained after 
brief exposure to a high intensity was the same 
as one obtained after long exposure to a low 
intensity. 

In the experiment reported here, we meas- 
ured the course of human dark adaptation 
after pre-exposures covering a range of 1000 
to 1 in both intensity and duration. The values 
of intensity and time were chosen so as to 
permit the investigation of the influence of the 
Xi C condition of pre-exposure upon 
subsequent dark adaptation. 


METHOD 
Subjects and. A pparatus 


The authors served as subjects and experimenters. 
The apparatus used both for pre-exposures and thresh- 
old measurements was a monocular Hecht-Shlaer adap- 
tometer mounted with the eyepiece projecting into a 
light-tight cubicle within the laboratory so that the 
subject could be dark-adapted regardless of the lab- 
oratory room lighting. The pre-exposure light was 
white, and its intensity was controlled by Wratten 
neutral tint, fixed filters. When threshold tests were 
made, a violet filter was used in conjunction with the 
instrument’s black glass filters so that the subject 
could report on the presence of color at threshold. The 
threshold testing stimuli were presented by a pendu- 
lum-type shutter attached to the adaptometer, and 
their duration was 0.2 sec. All pre-exposures and test 
measurements were made through a 2-mm. artificial 
pupil inserted into the eyepiece of the instrument. 
The threshold test patch was 3° visual angle. The right 
eye was used, and both the pre-exposure and test stim- 
uli were imaged 7° from the fovea on the nasal portion 
of the retina. 


Procedure 


The four intensitics—6640, 664, 66.4, and 6.64 
millilamberts (mL.)—and four durations—500, 50, 5, 
and 0.5 sec.—were investigated in all 16 combinations. 

Each experimental session was conducted as fol- 
lows: The subject entered the cubicle and was given a 
standard preliminary light-adaptation—dark-adaptation 
procedure. The stimulus was always 1610 mL. intensity, 
lasted for 1 min., subtended 35° visual angle, and was 
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presented in the same position on the retina as the 
experimental stimuli. Threshold measurements were 
taken for 3U min., by which time the threshold values 
had reached a stable level. The experimental procedure 
was then begun. The intensity for that session was 
fixed by inserting the proper Wratten filters into the 
instrument, and the duration of pre-exposure was set 
on a stop clock. At a ready signal the subject looked 
into the instrument with his right eye, the light was 
turned on, and simultaneously the clock started. At 
the expiration of the pre-exposure time the adaptome- 


Threshold ~ log ppl. 


intensity was then reduced to well below threshold, 
and the threshold value approached by intensity steps 
of 0.01 to 0.05 logarithmic units until the stimulus 
was reported as visible for two successive presentations. 
Threshold measurements were taken every half-minute 
for the first 5 min. and every minute thereafter. 


RESULTS 


In all, 96 dark-adaptation curves were ob- 
tained—3 for each subject on each of the 16 


Time in Dark ~ Minutes 


Fic. 1. The course of dark adaptation for subject F. A. M. for all intensiti 


es and durations of pre-expo- 


sure. At the top in each panel of the figure is given the value of the pre-exposure intensity. In the left-hand 


panel are given the durations of pre-exposure appropriate to each of 
panels the order of the durations is the same as for the left-hand panel. 
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the four curves; for the other three 


Time in Dark ~ Minutes 


Fic. 2. The course of dark adaptation for subject A. J. R. for all inten 
sure, The values of the intensities and durations in this figure are arrange 


ter was shifted to the threshold testing position, and 
the initial threshold determined as quickly as possible, 
usually within 7 to 12 sec. This procedure was followed 
for all sessions except those requiring 0 5-sec. pre- 
exposure. For these sessions a variable electronic timer 
was used. The 0.5-sec. duration was set on the timer, 
an appropriate switch was thrown, and the light 
flashed on for a half-second and went off. The adap- 
tometer was then quickly shifted to the threshold 
testing position, the light turned on again through its 
regular circuit, and test measurements were begun. 

To obtain a threshold measurement the subject was 
first presented an intensity slightly higher than his 
previous threshold, a faintly visible stimulus. The 


© v 


2 w 


sities and durations of pre-expo- 
d as in Figure 1. 


conditions. Figures 1 and 2 show the averaged 
threshold values for each subject for all in- 
tensities and durations. The individual raw 
threshold values were recorded in log micro- 
microlamberts, and the points plotted on the 
graphs are the arithmetic means of these three 
sets of logarithmic values. 

i It can be seen that as either the intensity is 
increased or the duration extended, the initial 
threshold rises. For both subjects the effect 


of increasing the duration is more pronounced 
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for the highest intensity than for the other 
three intensities. It is also clear that varying 
intensity at constant duration is more effective 
in raising the initial threshold value than vary- 
ing duration at constant intensity. 

Two other aspects of the data are the time 
of appearance of the discontinuity between the 
cone and rod portions of the curves, and the 
slope of the rod portion. For each subject there 
are two curves which show distinct cusps 
dividing them into two segments, the ones 
obtained after pre-exposure to 6640 mL. for 
500- and 50-sec. duration. These curves show 
the relationship usually found between the 
degree of pre-exposure and the time of ap- 
pearance of the cusp, i.e., the greater the de- 
gree, the later the cusp appears. Figures 1 and 
2 reveal another aspect of the curves: As in- 


TABLE 1 


Values of Pre-exposures in Millilambert-Seconds for 
All Combinations of Intensities and Durations 
for Which Z Xt = C 


PRE-EXPOS- PRE-EXPOSURE INTENSITY 
URE Ba 3 
Batoe | 6640mL | 664 mL | 664mL. | 6.64mL. 
500 332,000 | 33,200 | 3,320 
50 332,000 | 33,200 | 3,320 | 332 
5 33,200 | 3,320 332 | 33.2 


0.5 3,320 332 


33.2 


tensity decreases at constant duration of pre- 
exposure, or as duration decreases at constant 
intensity, the rod portions of the curves de- 
scend more rapidly to the final dark-adapted 
threshold value. 

One of the main reasons for conducting this 
experiment was to obtain data upon the course 
of dark adaptation following pre-exposures in 
which the product of intensity times duration 
of exposure was constant. For 14 of the 16 
combinations of intensities and durations the 
reciprocity relationship could be investigated. 
Table 1 presents these combinations in units 
of millilambert-seconds. Figures 3 to 5 show 
all the dark-adaptation curves for which the 


pre-exposure conditions fulfill the 7 X t= C 


condition. . = 
The results obtained for these conditions 


of pre-exposure can be summarized as follows: 
(a) If the shape of the curve is taken as the 
criterion for comparison, it is seen that for 
33.2 and 332 mL.-sec. (Fig. 3), there are no 


differences between any pairs of curves. For 
the range 6.64 to 664 mL. and 0.5 to 50 sec., 
intensity and duration are interchangeable 
variables. (b) For the six combinations of the 
product 3,320 mL.-sec. (Fig. 3), a similar 
situation holds. The only consistent difference 
to be found among the pairs of curves is the 
tendency for the one of each pair for the higher 
intensity and shorter duration of pre-exposure 
to have the higher initial threshold value. 
(c) Marked differences are found for two of the 
three comparisons for 33,200 mL.-sec. (Fig. 4). 
For both subjects the pair 6640 mL., 5 sec. 


Thevteid fog up 
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Fic. 3. The course of dark adaptation for both sub- 
jects following pre-exposure intensities and durations 
for which the product of intensity times time of pre- 
exposure is a constant. The value of the constant for 
the two panels on the left is 3320 mL.-sec.; for the 
middle panel, it is 332. mL.-sec., and for the right- 
hand panel, it is 33.2 mL.-sec. 


versus 664 mL., 50 sec. are nearly coincident. 
For the other two pairs of curves the lack of 
coincidence is pronounced: in these cases the 
curve obtained after the higher intensity and 
shorter duration lies above the one for the lower 
intensity and longer duration. This means that 
for these pre-exposure times and intensities, 
‘the higher intensity and shorter duration re- 
sults in a greater degree of light adaptation 
than the lower intensity and longer duration. 
(d) The curves of the pair for 332,000 mL.-sec. 
(Fig. 5) are also dissimilar. One curve for each 
pair has both rod and cone components, the 
other only the rod component. 


DISCUSSION 


There are two features of the data we wish 
to discuss. One is the variation in the values 
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of the threshold at which the testing stimulus 
is last stem as colored, and the other is the 
interrelationships of intensity and time of 
pre-exposure for the reciprocity condition. 

In Table 2 are given the threshold values 
which the subjects last report as being colored. 
A part of the evidence for the duality of the 
process of dark adaptation is the consistent 
result that, at moderate and high intensities of 
pre-exposure, the complete curve of dark adap- 
tation is composed of two segments, a cone 
component and a rod component. When colored 
stimuli are used for determining the threshold, 


TABLE 2 


Values of the Threshold in Log Micromicrolamberts at 
Which Color Was Last Seen in the Test Stimulus 


PRE-EXPOSURE PRE-EXPOSURE INTENSITY 
DURATION 
SECONDS |6640 mL. | 664mL. | 664mL. | 6.64 mL. 
Subject F. A. M. 
500 5.99 | 6.00 | 5.55 | 5.41* 
50 5.78 | 5.82 | 5.46 | 4.81 
5 5.86 | 5.85 |! 5.09 | No colorf 
0.5 6:17” | 5.22 | No color | No color 
Subject A. J. R. 
500 5.83 | 6.22 5.52 4.73 
50 5.85 | 5.98 | 5.10* | 4.13 
5 6.01 |5.66*| 4.17 | 3.69 
0.5 5.87 4.38 | 3.85* | No color 


* For onc of the three experimental sessions at that intensity 
and duration of pre-exposure, color was not seen in any of the 
threshold testing stimuli. 

+ The entries labeled “No color” mean that for these intensitie 
and durations, color was not seen in any threshold test stimulus.s 


as in this experiment, it is usually found that 
the last colored stimulus occurs at the end of 
the cone component; this point is generally 
considered to mark the time of change from 
cone to rod adaptation. Table 2 shows that, 
at constant duration, there is a tendency for 
the lower intensities of pre-exposure to have 
lower threshold values at which color is still 
seen than is the case for the higher intensities, 
the difference attaining the order of 2 loga- 
rithmic units. The unusual feature of Table 2 
is this marked variation in the values of the 
threshold at which color is last detectable in 
the test stimulus. 

Table 2 also shows that color is clearly seen 


in the early threshold stimuli of dark-adapta- 
tion curves which do not have distinct cone 
and rod components; consequently, it is diffi- 
cult to know whether the thresholds of both 
types of receptor elements are indicated in 
such curves or only the thresholds of the rods. 
It has been stated (13) that the presence or 
absence of color is not a wholly reliable cri- 
terion of rod or cone function. If this is the 
case, it becomes a problem to determine what, 
indeed, are the cone and rod components of 
some of our curves. We have obtained many 
curves which show no cone component but 
for which the threshold stimuli early in the 
course of dark adaptation were clearly colored. 
In Figures 1 and 2 it is seen that for both sub- 
jects the curves for 6640 mL., 500 sec. pre- 
exposure have a distinct cusp separating them 
into the cone and rod components; the curves 
for 664 mL., 500 sec. do not. If the shape of 
the curves is taken as the criterion by which to 
judge whether both cone and rod thresholds 
have been measured, the 664 mL., 500 sec. 
curves indicate rod functioning only; there is 
no cone component. Yet, for both subjects — 
and at every session—for this intensity and 
duration of pre-exposure the early threshold 
stimuli were clearly colored, and the color was 
present for as long as four minutes before 
colorless stimuli appeared. A comparison of 
these two curves also reveals that the value of 
the initial threshold following the 664 mL., 
500 sec. pre-exposure is much higher than the 
value of the first threshold after the cusp in 
the curve for 6640 mL., 500 sec. 

We do not know why it is that colored 
threshold-testing stimuli are found over the 
more than 100 to 1 range (Table 2) nor why 
color is associated with the early thresholds 
for curves which show no distinct cone com- 
ponent. Hecht, Haig, and Chase (8), who re- 
port similar findings, mention the possibility 
that the color of the test stimulus may be im- 
portant in determining the effect. It is also 
possible that in the intensity region of transi- 
tion from cone to rod functioning, the value 
of the threshold is determined by neither type 
of receptor element alone but, instead, by both 
types interacting in some manner. Data on 
flicker fusion reported by Brooke (1) lend 


Support to an explanation couched in such 
terms. 
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With respect to the reciprocity relationship 
of intensity and time of pre-exposure, a con- 
sideration of the results the authors obtained 
in a previous experiment upon the course of 
foveal dark adaptation (12) and the results re- 
ported by Crawford (2) and by Hartline and 
McDonald (7) led us to expect that probably 
we would find a similarity among the curves 
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reciprocity law is also found, however, in pairs 
of curves neither of which has a*céne com- 
ponent (Fig. 4). The dissimilarities are clearly 
seen in the comparison of the 664 mL., 50 sec. 
versus 66.4 mL., 500 sec. and the 6640 mL., 
5 sec. versus 66.4 mL., 500 sec. 

It has been suggested (5) that the finding 
that pre-exposure intensity and duration are 


Trveshold log ual 


Fic. 4. The course of dark adaptation for both subjects following pre-exposure intensities and times whose 


product is 33,200 mL.-sec. 


of dark adaptation following some pre-exposure 
conditions for which J X ¢ = C, and that 
among others we would not. The results of the 
present experiment show that, for the greater 
part of the conditions used, changing the pre- 
exposure intensity by a given factor has much 
the same effect upon subsequent dark adapta- 
tion as changing the duration by the same 
factor. The reciprocity relationship holds over 
a range of intensity and time of the order of 
1000 to 1. 

It is clear, however, that the reciprocity 
law does not hold for all the combinations of 
intensities and durations used in the experi- 
ment. This is most apparent in Figure 5, which 
shows the comparison between the curve ob- 
tained after pre-exposure to 6640 mL. for 50 
sec. with that after 664 mL. for 500 sec. In this 
instance there is a prominent cone component 
on the higher intensity curve but none on the 
lower intensity one. This means, of course, that 
these conditions of pre-exposure have markedly 
different effects upon subsequent dark adapta- 
tion, for one of the results of the higher in- 
tensity is to raise the degree of light adaptation 
to the point that cone thresholds are obtained, 
an effect apparently not present at all after 
exposure to the low intensity. The failure of the 
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, Tic. 5. The course of dark adaptation for both sub- 
Jects following pre-exposure intensities and times whose 
product is 332,000 mL.-sec. 


30 35 


interchangeable variables as they affect sub- 
sequent dark adaptation is an expression of the 
Bunsen-Roscoe law. Hartline (6) has shown 
that in the single optic nerve fiber response of 
Limulus, events occurring in the photoreceptor 
cell set an upper limit to the duration of the 
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stimulus, at a given intensity, beyond which 
a further intrease in duration is ineffective in 
modifying such features of the response as the 
latent period and the initial frequency of im- 
pulses. This “critical duration” is the maxi- 
mum duration for which the Bunsen-Roscoe 
law of I X t = C holds at a given intensity; 
beyond this limit the relationship changes to 
I = C. The idea of the critical duration has 
been used by several experimenters (3, 4, 9, 
10, 11) in interpreting data on human visual 
functions. In a human dark-adaptation study 
designed to test some theoretical considera- 
tions regarding retinal photochemistry, Craw- 
ford (2) used durations of the order of magni- 
tude of the critical duration and found that 
for equal pre-exposure intensity times dura- 
tion conditions at these short durations, the 
curves of subsequent dark adaptation were 
very similar. So far as we know, this is the 
only experiment upon human dark adaptation 
in which pre-exposure durations of the order 
of the critical duration have been used. If the 
similarity of the shapes of the curves is taken 
as the criterion, the data of Haig (5) and the 
results of the present experiment show that for 
durations longer than the critical duration, 
there exists some sort of reciprocal relationship 
between intensity and time of pre-exposure 
for a considerable range of these variables. 
There are, however, too few data upon the 
course of human dark adaptation showing the 
relationship between pre-exposure intensity 
and time for durations below the critical dura- 
tion. We feel that until such data are available 
the problem of the Bunsen-Roscoe law as it 
relates to pre-exposure conditions in experi- 
ments upon human dark adaptation will not 
have been adequately explored. 


SUMMARY 


The recovery of dark adaptation was meas- 
ured following all the combinations of in- 
tensities and durations of pre-exposure for 
four intensities (6640, 664, 66.4, and 6.64 
mL.) and four durations (500, 50, 5, and 0.5 
sec.). The measuring instrument was a Hecht- 
Shlaer adaptometer, and threshold tests 
were made for a parafoveal region, 3° visual 
angle in extent, centered 7° from the fovea on 
the nasal portion of the right retina. The pre- 
exposure stimulus was white; the threshold- 
testing stimulus was violet. All pre-exposure 


and test measurements were made through a 
2-mm. artificial pupil. The authors served as 
experimenters and subjects, and each went 
through all 16 combinations of intensities and 
durations three times. The raw data were 
recorded in log micromicrolamberts. The 
values used in the analysis of the results were 
the arithmetic means of the three sets of loga- 
rithmic threshold values. 

The chief results were as follows: 

1. As pre-exposure intensity is increased 
(at constant duration) or duration is extended 
(at constant intensity), the initial threshold 
rises and the recovery of dark adaptation is 
retarded. When the pre-exposure intensity is 
increased by a given factor, the initial thresh- 
old value is raised more than if the duration 
is increased by the same factor. 

2. There is a marked variation in the values 
of the threshold at which color is last seen in 
the test stimulus; following lower intensities 
of pre-exposure, colored stimuli are seen at 
lower threshold values than at higher in- 
tensities. 

3. When the reciprocity relationship of pre- 
exposure for the different values of intensity 
and time for which 7 X t = C is investigated, 
it is found that there is little or no difference 
in the course of dark adaptation following de- 
grees of pre-exposure equal to 3,320 ml.-sec. 
and below. For higher degrees of pre-exposure, 
33,200 and 332,000 mL.-sec., marked differ- 


ences are found; the higher the degree, the 
greater the difference. 
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EFFECTS OF CORTICAL LESIONS ON MAZE RETENTION BY THE RAT! 


BURTON S. ROSNER? 
Institute of Human Relations, Vale University 


The experiments reported below began as 
part of an attempt to study the effects of neo- 
cortical lesions made after incomplete maze 
learning, upon subsequent acquisition. This 
plan aimed at determining whether Lashley’s 
concept of “mass action” (3) held throughout 
the course of maze learning or whether different 
neocortical areas dominated the learning proc- 
ess at different times. A preliminary control 
group, operated after complete training in a 
multiple-T maze, showed no retention losses. 
Further experiments were conducted to explore 
the effects of larger lesions and of different 
maze types upon postoperative retention, 


door, preventing Tetracing. A black curtain hung 6 in. 
beyond each door. Starting and goal boxes were 12 in. 
square and 4 in. deep; a 15-in.-long runway with a 
retracing door connected the starting box to the first 
unit. The entire maze was covered in units with 14-in. 
hardware cloth lids, held down by door buttons at- 
tached to wood blocks mounted outside the maze. The 
sequence of correct turns for Maze T was RLLRRL- 
RRLRLRLLR. 

Maze L, a hand-scoring replica of Lashley’s Maze 
III (3, pp. 30-31) was made from 14-in. pine painted 
flat black. Maze L was 4 in. deep and covered with a 


¥-in. hardware cloth lid. Both Maze T and Maze L 
were placed on the floor of a 14- by 24-ft. room illu- 
minated by a single ceiling fixture with a 100-w. bulb. 

Thirty-eight 120-da: 
were Ss, T 


y-old male Wistar albino rats 
Wenty-nine Ss were trained in Maze T 


Fic. 1. Plan of 
wood-screw, 


APPARATUS AND PROCEDURE 


Two mazes, designated Maze T 
spectively, were used, Maze T wasa 1 
maze where retracing was prevente 
interchangeable units such as shown 
unit was made of 14-in, Pine, painted flat black. In- 
side dimensions were 3314 by 234 by 4 in. A black 
aluminum door hung in each arm 314 in. beyond the 
center opening. A 1}4-in. square cut from the bottom 
of each door accommodated the 5s head. The door 
fastened to the long portion of an L-shaped shaft run- 
ning through holes near the tops of the opposite walls 
of the unit. The short portion of the shaft hung outsice 
the maze, forming a 60° angle with the door. When the 
door was raised 40°, a mercury switch attached to the 
short portion of the shaft closed and fired a tab in a 
16-place elevator annunciator, which recorded errors. 
Each error-arm switch fired a separate tab; all switches 
for correct arm doors fired a single dummy tab. A wood 
screw just behind the short arm of the shaft for each 
correct side door blocked backward movement of the 


and Maze L, re- 
5-unit multiple-T 
d. It consisted of 
in Figure 1, Each 


‘ The author is greatly indebted to Dr. F. A. Beach 
for his generous aid during this experiment. 
* NRC Fellow, 1950-1951. 


One Maze T Unit. Legend: C, C 
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curtains; D, D'—doors; 


S, mercury switch; B, 


(Group T). They first learned to run from the starting 
box through the 15-in. initial runway to the goal box. 
The runway door was open at first and gradually low- 
ered on subsequent trials. After Ss finished prelimin- 
ary training, the starting and goal boxes and runway 
were replaced in the maze. The Ss then received one 
trial a day in Maze T until reaching a criterion of two 
Successive errorless trials. The Ss run in the preliminary 
experiment were operated after training, rested ten 
days, and retrained to criterion. The Ss run in the main 
experiments were rested ten days after preoperative 
training, retrained to criterion, operated, rested ten 
Sore days, and finally retrained postoperatively. Nine 
Ss run in Maze L (Group L) were treated by Lashley’s 
Procedure (3, p, 30). Both Group T and Group L 
parked tinder 22-hr. food deprivation and were regu- 
Fe act orei at the goal box with a pellet of mash. 

ach S, preoperative and postoperative trial and 
error Scores were determined. Trial scores did not in- 
clude criterion trials, Preoperative retraining scores 
Were computed for Ss run in the main Maze T experi- 


operations were performed with ether anesthesia. 
After a midline incision, overlying muscle and perios- 
teum were incised and reflected; the calvarium was 
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thinned down with a boring drill and an opening made 
and enlarged with bone forceps. The dura was incised 
and reflected, and cortex was removed by pipette as- 
piration under double magnification afforded by a 
monocular eyepiece. The lesion area was covered with 
Gelfoam, and muscle and skin wounds were closed in 
anatomical layers. All operations were one-stage bi- 
lateral. After finishing postoperative training, the Ss 
were sacrificed. Their brains were removed, fixed in 
formalin, embedded in tissue mat, cut at 30 micra, 
stained with thionin, and mounted. Lashley’s method 
of reconstruction of lesions was used, and thalamic de- 
generation was determined using Lashley’s thalamo- 
cortical map. 


RESULTS 


Behavioral data for Groups T and L appear 
in Tables 1 and 2, respectively. In these two 
tables, T stands for trials and E for errors. 
Lesion reconstructions appear in Plates I and 
IA’ 

According to postoperative results, Ss run 
in both the preliminary and main Maze T 
experiments could be classified into three sub- 
groups: Group T-CorR, which had neocortical 
lesions and ran the maze after operation; Group 
T-CorF, which had neocortical lesions but 
refused to run the maze postoperatively; and 
Group T-RhinR, which had pyriform and 
mesocortical as well as neocortical damage 
and which ran the maze postoperatively. Of the 
8 Ss in the preliminary experiment, 7 fell into 
Group T-CorR and 1 into Group T-RhinR. 
The Fisher-Pitman randomization test (6) 
showed no significant differences at the .05 
level between the 7 preliminary and 10 main- 
experiment Ss in Group T-CorR as regards 
lesion size, preoperative training scores, or 
postoperative training scores, despite the fact 
that the main-experiment Ss had preoperative 
retraining and the preliminary-experiment Ss 
did not. Thus, all 17 Group T-CorR Ss have 
been lumped together in Table 1. Nor were 
there any significant differences between the 
data from the 4 main-experiment Ss and the 
1 preliminary-experiment S classed in Group 
T-RhinR, and all these 5 Ss have been lumped 
into one subgroup in Table 1. The only Ss fall- 
ing into Group T-CorF were 7 run in the main 


experiment. 

$ Table 3, showing a detailed analysis of thalamic 
degeneration and subcortical damage, which was de- 
posited with the American Documentation Institute, 
Was unfortunately lost in the move of the Institute to 
the Library of Congress. We deeply regret this loss. 
(Editor’s Note) 


Table 1 therefore shows means and standard 
deviations for neocortical lesion size and for 
preoperative and postoperative training scores 
of subgroups T-CorR, T-CorF, and T-RhinR 
separately. (Standard deviations are given for 
descriptive purposes only.) Application of the 
Fisher-Pitman randomization test showed no 
significant difference between the preoperative 
trial or error scores of any of the three sub- 


TABLE 1 
Behavioral Data for Group T 


PER on POSTOP. 
SUBGROUP CENT TRAITS ERS: 
LESION 
oe | E yr | g 
T-CorR M | {5.0 ii 11.7 | S85 1.8 4.4 
N=17 o 7.2 5.8 | 19.2 2.4 Ted 
T-CorF M | 27.5 | 13.3 | 45.0] — | — 
N=7 o 5.8 | 12 34.7 m j = 
| 
T-RhinR | M 9.5 | 18.8 | 56.6 | 28.6 | 85.2 
N=5 |@e | 4.7] 17.2 | 49.4 | 24.8 | 83.0 
TABLE 2 
Behavioral Data for Group L 
PER PREOP. PREOP. POSTOP. 
orour CENT TRAINING [RETRAINING] TRAINING 
LESION | ~—— Ta 


r E T E ig E j 


Group L| M | 24.0 |46.3|117.9|14.4| 3.7/58.21153.1 
N=9]|o | 5.2 |64.0/122.9]16.1] 4.1|45.91121.3 


Lashley | M | 24.0 |38.3| 44.3| 1.7| 1.6]89.4/451.0 
Group 


N= o 5.1 24.8) 17.7) 2.2) 2.8/62.81387.4 


groups in Table 1. On the other hand, the post- 
operative trial and error scores of Group T- 
KhinR are significantly different beyond the 
.001 level from those of Group T-CorR. Finally, 
the randomization test showed that lesion 
size for Group T-CorR, which ran postopera- 
tively, differed significantly at the .05 level 
from that for Group T-CorF, which refused 
to run postoperatively. The amount of neo- 
cortical damage in Group T-CorR, however, 
did not differ significantly from that in Group 
T-RhinR. 

Table 2 presents means and standard de- 
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viations for lesion size, preoperative training, 
preoperative retraining, and postoperative 
training scores for Group L. This table also 
shows the same data for 9 Ss with lesions com- 
parable to those of Group L drawn from 


© 
Prate I. Surface reconstruction of lesions. Numbers 1 to 17 


two groups on preoperative retraining trials 
only. Statistical comparisons between the two 
groups must be viewed cautiously, however, 
since the groups came from different strains 
and were run under different conditions. 


Group T-RhinR; 30 to 38, Group L. Serial numbers and pee Group T-CorR; 18 to 24, Group T-CorF; 25-29, 


spectively, of each diagram. 


Lashley’s retention-study data (3, pp. 92-93). 
(The Lashley Ss are numbers 92, 93, 94, 96, 
103, 108, 109, 112, and 116.) One Group L 
S failed to relearn the maze postoperatively 
as against 4 Lashley Ss. The randomization 
test showed a significant difference between the 


nt neocortex removed are at top and right, re- 


DISCUSSION 


Inspection of data from Group T-CorR, 
which Tan after neocortical lesions, shows 
little postoperative deficit when lesions are 
below 15 per cent. Lashley’s data on maze 
retention after cerebral damage show a similar 
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tendency. Thus, “mass action,” the correlation appearance of an “aversion” toward operating 
between lesion size and behavioral deficit, may the swinging doors of the maze. Group L, in 
not appear until a certain minimum lesion a retracing maze with no such doors, ran 
size, about 15 per cent, has been passed. after lesions exceeding 20 per cent. Further- 


Prate IA. Legend as in Plate I. 


more, Ericksen (2) reports that in a non- 
retracing maze with drop-doors operated by 
the experimenter, no S refused to run the maze 
after lesions exceeding 20 per cent. In latch- 


On the other hand, when lesion size ex- 
ceeded 20 per cent in Group Ts the Ss tended 
to refuse to perform postoperatively (Group 
T-CorF). This refusal to run may be due to 
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box tests, Lashley (4) reports that after opera- 
tion, Ss-“incked aggressiveness” in operating 
the necessary apparatus. The nature of such 
a refusal of the Group T Ss to operate the 
maze doors is not at all clear at present; its 
appearance, however, would mask any signs 
of “mass action,” since the Ss do not perform 
and hence cannot make postoperative scores. 

When lesions invaded mesocortex and allo- 
cortex, a different postoperative Picture ap- 
peared. Removal of phylogenetically older 
cortex along with neocortex produced signifi- 
cantly poorer postoperative scores than re- 
moval of neocortex only, the same amount of 
neocortex being destroyed in both cases. Thus, 
mesocortex and allocortex play a role in maze 
retention. Whether this is the same role played 
by neocortex and whether the older cortex 
operates on a “‘mass action” basis remain to 
be determined. Using different Ss and different 
tests, other experimenters have reported learn- 
ing losses after temporal lobe lesions. The pres- 
ent finding that rhinencephalic lesions interfere 
with retention of a maze habit may bear some 
relation to the latter studies. 

Finally, the data from Group L show lower 
mean postoperative scores than those from 
the group of “comparable” Lashley Ss, which 
had cautery lesions of the same size. The differ- 
ences in postoperative scores between the two 
groups are not statistically significant. In con- 
sideration of the small numbers of Ss and 
the difficulties of interpreting any statistical 
tests, no conclusions should be drawn from 
these data. The data suggest, however, that 
it would be worth while to explore differential 
effects on behavior from cautery as against 
aspiration lesions, particularly in view of recent 
biochemical evidence (1) which shows effects 
of cautery extending far beyond the bounds of 
the lesion as determined by standard anatom- 
ical techniques. 


SUMMARY AND CONCLUSIONS 


Twenty-nine male albino rats (Group T) 
were trained in a nonretracing multiple-T 
maze and then subjected to aspiration lesions. 
Nine others were trained in a retracing maze 
(Lashley’s Maze III) and then operated 
(Group L). 

1. Neocortical lesions below 15 per cent 
produced little or no postoperative loss in 
Group T. This lack of effect of relatively small 
lesions may be a factor limiting “mass action.” 

2. Neocortical lesions over 20 per cent 
tended to make the Ss in Group T refuse to 
run the maze. This refusal seems due to an 
aversion toward operating the swinging doors 
used in the maze. 

3. Allocortex and mesocortex appear to 
play a role in maze retention. 


4. The question is raised as to possible dif- 
ferences between the effects of cautery and 


aspiration lesions of the same apparent size on 
behavior. 
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THE EFFECTS OF NEONATAL ANOXIA ON THE MAZE PERFORMANCE 
OF ADULT RATS à 


W. P. HURDER ax A. F. SANDERS 
Louisiana State University 


The effects of paranatal anoxia upon the 
later adaptive behavior of mammals is a ques- 
tion of considerable theoretical and practical 
interest. Clinical (6, 7) and experimental atten- 
tion is being increasingly directed toward the 
problem. Windle and Becker (10) operatively 
delivered guinea pigs at near term and sub- 
jected certain of the animals to severe anoxia 
by reducing the blood supply of the experi- 
mental animals in utero. The authors report 
a considerable reduction in the maze per- 
formance of the surviving animals when they 
are compared with litter mates similarly de- 
livered but not exposed to experimental anoxia. 
More recently Meier and Bunch (5) report a 
reduction in learning, relearning, and habit 
reversal when newborn rats are subjected to 
30-min. exposure at less than 3 per cent oxygen 
equivalence and then trained on a single-T 
water maze at 100 days of age. However, most 
of the differences between experimental and 
control rats were not statistically significant. 

The present study tested the effects of neo- 
natal anoxic exposure in mature rats by 
measuring their performance on a complicated 
maze. The two degrees of anoxia used were 
selected because of their relatedness to previous 
experiments. One condition of anoxia, 38-min. 
stay at a simulated altitude of 34,000 ft., was 
used because it is an amount of anoxia which 
results in a 50 per cent survival rate in adult 
male rats of the strain used in this experiment. 
As part of another unpublished study 120 male 
albino rats 100 days of age were subjected to 
an altitude equivalent of 34,000 ft., ascending 
at a rate of 1,500 ft. per minute and record 
was taken of the length of survival of indi- 
vidual animals. It was found that the median 
survival time at this pressure was 38 min. This 
time approximates that reported by investiga- 
tors using other strains of rats (8). Also, the 
cumulative anoxia resulting from a 38-min. 
stay at 34,000 ft. approaches the amount of 
anoxia induced by Meier and Bunch when they 
exposed rats 30 min. at a 3 per cent oxygen 


level (34,000 ft. simulated altitude is equiva- 
lent to a 5 per cent environmental oxygen 
level). The other degree of anoxia used in the 
present study, 3 hr. at 30,000 ft., is an amount 
of anoxia known to reduce maze performance 
and cerebral cortical cell density in mature 
rats (3, 4). 


PROCEDURE 
Subjects 


These were newborn albino rats of the Harlan strain. 
Five litters comprising a total of 44 rats were used in 
the experiment. 


Induction of Anoxia 


Within an average period of 1 hr. after the birth of 
the last rat in a litter, the litter was approximately 
divided among control and experimental groups. The 
experimental Ss were marked and placed in a small 
container lined with wood shavings. The container was 
immediately placed in a decompression chamber and 
the chamber evacuated at a rate of 1,500 ft. per minute 
simulated altitude until the desired altitude was 
reached. One-half of the experimental Ss stayed at a 
simulated altitude of 30,000 ft. for 3 hr.; the other half 
of the experimental Ss stayed at a 34,000-ft. pressure 
equivalent for 38 min. The control litter mates were 
kept in a similar container away from the mother for 
an equal period of time. Following this procedure all 
rats of a litter were returned to the home cage and re- 
mained with the mother until they were weaned at 30 
days of age. At weaning the rats were sex-segregated 
and maintained in the laboratory until they were 100 


days old. 


Maze Training 


This was identical with that reported in an earlier 
study (3), and that report should be consulted for de- 
tails. Beginning at 100 days of age the Ss were handled 
5 days ona table with food present, then on the sixth 
day started on straight-a-way training under 23-hr. 
drive and rewarded in the goal box with 45 sec. of ad 
lib. eating of Purina dog pellets. Immediately follow- 
ing the second trial the Ss were permitted 1 hr. of ad 
lib. feeding and drinking. After 5 days, two trials per 
day, straight-a-way training, Ss began training on a 
Stone multiple-T alley maze. Here, again, they were on 
23-hr. hunger drive, reinforced in the goal box with 45 
sec. of ad lib. eating, and received two daily trials fol- 
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lowed by 1 hr. of eating until they reached a criterion 
of three out of four errorless trials. 


RESULTS 
Physiological 


None of the Ss exposed to these two condi- 
tions of anoxia died within the 190-day period 
of observation entailed by this experiment. 
These data contrast with the 50 per cent sur- 
vival of adult rats (100 days of age) of this 
strain when exposed for 38 min. at a simulated 
altitude of 34,000 ft. and to the approximate 
10 per cent loss which we have encountered in 
100-day-old rats exposed for 3 hr. at the 30,000- 
ft. altitude equivalent. The greater survival 
of the newborn rats is not surprising since 
previous investigators have reported that new- 
born rats display greater resistance to anoxic 
exposure than do adult rats (1, 2), 


TABLE 1 


Relationship Between Neonatal Exposure to Anoxia 
and Maze Performance in Maturity 


MEASURES OF MAZE PERFORMANCE 
DEGREE -— _ — 
pean T Errors Time Trials 
Mean SD Mean SD Mean | SD 
Zero 94.4| 28.0 |1,491.2| 535.0 34.6 | 15.1 
3 hr. 87.2) 37.2 |1,304.5] 427.2 33.4 | 15.2 
30,000 
38 min. | 105.1] 16.1 1,619.0] 998.0] 37.6 | 22.1 
34,000 


No gross neuromuscular defects were ob- 
served in the experimental Ss of the present 
study. 


Psychological 


The maze records of the control and ex- 
perimental groups are summarized in Table qe 
The 14 Ss exposed 3 hr. at a simulated altitude 
of 30,000 ft. surpassed all other groups in 
maze performance; the 18 Ss in the control 
groups were next in adequacy of maze per- 
formance; and the 10 Ss exposed 38 min, at 
34,000-ft. altitude equivalent did poorer than 
any of the groups studied; however, none of 
these differences reached the 5 per cent sig- 
nificance level. 


DISCUSSION 


The slight impairment in maze performance 
found in our 38-min., 34,000-ft. group may be 
interpreted as supporting the finding of Meier 
and Bunch that this approximate level of 
anoxia in the neonatal rat results in a small 
reduction in maze-learning efficiency at ma- 
turity. It must be recognized, however, that 
Statistically significant differences were not 
found in either study. 

The results observed in the group exposed 
3 hr. at 30,000-ft. simulated altitude are 
interpreted as indicating that anoxia sufficient 
to impair considerably the maze performance 
of adult rats does not materially affect the 
maze behavior of rats undergoing such an 
exposure near birth. One of us has described 
a significant reduction in the maze performance 
of adult rats exposed to 0, .5, 3, and 6 hr. at 
30,000-ft. simulated altitude and then trained 
on a 14-unit maze 6 days or 42 days after 
anoxic exposure (3). Since a sample of exposed 
Ss drawn from this study was shown to have 
suffered significant cerebral cortical deteriora- 
tion, it was concluded that the loss of brain 
tissue in the anoxia-exposed Ss was the best 
explanation of their reduced maze performance 
(4). A possible explanation of this difference 
in the effect of anoxia on neonatal and mature 
rats is that the young rats do not suffer as 
much neural damage as adult rats. This can 
be inferred from the known age differences in 
survival of anoxic insult (1, 2). Another pos- 
sible explanation of the age difference in the 
behavioral effects of anoxia is that even though 
the neonate suffers brain damage comparable 
to the adult rat, there is a differential be- 
havioral effect of such damage as a function 
of the age of the brain-damaged animal, ‘There 
is evidence that brain damage in infancy is less 
disruptive of maze performance than quanti- 


tatively and qualitatively similar brain dam- 
age in the mature rat (9). 
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THE EFFECT OF ELECTROCONVULSIVE SHOCK ON A CONDITIONED 
EMOTIONAL RESPONSE: THE EFFECT OF ELECTROCONVULSIVE 
SHOCK UNDER ETHER ANESTHESIA! 

HOWARD F. HUNT, PETER JERNBERG AND WILLIAM G. LAWLOR, S.J. 

The University of Chicago 


During the past few years, several investi- 
gators have reported that ECS does not have 
its usual effects on rats if the convulsions are 
prevented from occurring by anesthesia at 
the time of treatment. Heilbrunn (2) found 
that 7 of 11 rats given five ECS’s under light 
ether anesthesia showed only a mild muscular 
contraction when the current passed. More 
important, none of these 7 animals showed 
histological signs of intracranial hemorrhage 
post-mortem. Each of the other four animals 
showed one or two severe muscular contrac- 
tions in response to the current. Three of these 
showed histological signs of intracranial 
bleeding. The difference between the two 
groups in incidence of hemorrhage is signifi- 
cant G= 3.93, 02 < Ż < .05, computed 
by the present authors). Heilbru 
that the hemorrhage i 


muscular contracti 
than by the passa, 
itself. 

This argument 
might not have its 
if the convulsions w 


would suggest that ECS 
usual effects on behavior 


l ere blocked or attenuated 
by anesthesia at the time of treatment. Porter 


and Stone (5) checked this possibility with 
maze experiments in which one group of ani- 
mals received ECS alone and one group re- 
ceived ECS while under ether anesthesia, 
They found that the ether-ECS animals did 
not show the decrements in maze performance 
found among the regular ECS animals during 
the treatment period. In a second experiment 
they did find, however, that the ether-ECS 
animals failed to show the usual improvement 
from trial to trial during the treatment in 
running a maze that they had not yet learned 
to criterion. 


1 This investigation was supported in part by the 
Medical Research and Development Board, Office of 


the Surgeon General, Department of the Army, under 
Contraci No. DA-49-007-MD-291. 


Following this line of thought, Stone and 
Walker (9) made a preliminary study of the 
effect of ECS under ether anesthesia on gesta- 
tion and maternal behavior. Rosvold (6) had 
found that ECS, if given to rats at the proper 
points in time, tends both to interfere with 
normal gestation and to disrupt the patterns 
of maternal care of newborn infants. The 
Stone and Walker report suggests, however, 
that ether anesthesia at the time of treatment 
tends to block this effect of ECS, 

Siegel, McGinnies, and Box (8) investigated 
the power of Nembutal anesthesia to prevent 
ECS from having its adverse effects upon 
Tunway performance. They were interested 
not only in confirming the earlier findings 
but also wanted to determine whether the 
anesthetic alone would have any adverse 
effect on performance, a possibility not in- 
vestigated by Porter and Stone. Accordingly, 
Siegel and his coworkers employed three 


groups—one group of rats received a saline 
injection prior to 
Nembutal injecti 


that only the saline-ECS 

paired performance. The 
€d none. The authors con- 
€ anesthesia protected the 
either by preventing the con- 
: y insuring the central nervous 
System in some way against the disturbance 
caused by Passage of the electrical current 
used in ECS. 


The present experiment was designed to 
check on the previous findings regarding the 
Protective” effect of ether anesthesia at the 
treatment. In addition, it includes 
a control for the effects of interaction between 

and anesthesia, The previous reports 
ave argued that the anesthesia prevents 
ECS from having its usual effects by prevent- 


group showed im 
other two show 
cluded that th 
treated animals 
vulsion or b 
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ing the convulsion. Perhaps, however, some 
consequence of ether other than its anticon- 
vulsant effect is critical here. Though it seems 
unlikely, the “protective” effect of ether may 
be unrelated to its anticonvulsant properties; 
the protective effect might also appear if 
ether is given at a time when it would not 
prevent convulsions. For this reason, the 
present experiment includes a group of ani- 
mals that received both ECS and ether but at 
different times so that the convulsions occurred 
in the usual way. 

In addition, two of the previous experiments 
employed behavioral tests which emphasize 
locomotion or motor performance to some 
degree—the maze and the runway. In itself, 
this feature of the experiments is not too 
critical. Ataxia or incoordination, as a by- 
product of injury to the peripheral effector 
apparatus sustained during the physical 
stress of ECS convulsions, is as legitimate an 
effect of the treatment as any other. But in 
assessing the role of the convulsions, as such, 
in producing the effects of ECS, it would seem 
worth while to distinguish between motor im- 
pairments and psychological changes follow- 
ing the treatment. The two kinds of effects 
are not necessarily the same. An anesthetic 
which blocks the convulsion may prevent 
ECS from having its typical effect in test 
situations which depend upon locomotion to 
any significant degree. But it would not neces- 
sarily follow that the anesthetic would prevent 
ECS from having its typical effect on the 
retention of a simple conditioned discrimina- 
tion. While the report by Stone and Walker 
certainly suggested that blocking the convul- 
sion with ether does more than simply pre- 
vent torn ligaments and fractures, it still 
seemed worth while to check the previous 
ts in a somewhat different experimental 


resul 
situation. 
The prese 
situation in W 
as in increase in 


nt experiment employs a test 
hich the effect of ECS appears 
activity. Previous research 
(1, 3, 4) has indicated that ECS can weaken 
a conditioned emotional response (CER) which 
consists of cessation of lever pressing in a 
Skinner box. If ECS has its usual effect, if 
the treatment weakens the CER, the animals 
no longer show this cessation in lever pressing. 
The effect of ECS thus appears as an Increase 


in activity, Conversely, if something blocks 


ECS from having its usual effect, the net out- 
come is either no change or a decrease in activ- 
ity in that the animals still show the plateau 
in the lever-pressing curve after treatment. 
Thus, animals made ataxic, poorly coordi- 
nated, or somatically ill by ECS would tend 
to produce curves on a post-ECS retention 
test similar to the records produced by un- 
treated controls or animals upon which the 
treatment had had no effect. 


METHOD 
Subjects 


Forty-six naive, male albino rats, 60 to 70 days old 
at the beginning of the experiment. 


Conditioning Procedure 


The conditioned emotional response (CER) was 
established in Skinner boxes in accordance with our 
standard procedure described elsewhere (4). In brief, 
all Ss were first trained in lever pressing until they 
showed a fairly even, stable output of lever responses, 
first for a regular and then for an aperiodic water re- 
ward. Then, each S received five emotional condition- 
ing trials, each consisting of a 3-min. presentation of 
a clicking noise (the conditioned stimulus) terminated 
contiguously with two momentary, painful electric 
shocks to the feet (approximately 1.5 ma.) as the un- 
conditioned stimulus, delivered through the grill floor 
of the apparatus. Most of these conditioning trials 
were spaced several days apart, with adaptation runs 
intervening, and only one trial was given on any one 
day in order to minimize the development of generalized 
fear reactions to the apparatus. Records were kept of 
the lever-pressing output for the first, second, third, 
and fourth 3-min. segments of the daily 12-min. runs. 
For all conditioning and retention test trials, the clicker 
was introduced at the beginning of the fourth minute 
and the unconditioned shock stimuli, if given, were 
introduced at the end of the sixth minute, when the 
clicker was turned off. As indicated above, the CER 
in this situation consists of a marked reduction or 
complete cessation in lever pressing during presenta- 
tion of the clicker. 


Electroconvulsive Shock and Anesthesia 


The experimental treatments began on the fourth 
day after the last emotional conditioning trial. The Ss 
were divided into three groups, roughly equated in 
terms of the magnitude of the CER which appeared 
on the fifth conditioning trial. 

Group I. The 15 Ss of this group received 14 ECS’s, 1 
on the first treatment day, 2 per day for the next six 
days, spaced 4 to 6 hr. apart, and 1 on the last day. The 
apparatus and procedure for ECS were the same as 
those employed in previous experiments (3). The 
apparatus delivers 50 to 54 ma. for 0.18 sec. through 
moistened electrodes clipped to the ears. Three Ss in 
this group died or were crippled as a result of the ECS; 


12 completed the experiment. 
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Group II, The 15 Ss of this group received 14 ECS’s 
according to the same schedule as followed for Group I. 
Each S (vay anesthetized just before each treatment by 
being placed in a desiccating jar and allowed to inhale 
ether vapor until it had lost its corneal reflex. Then, the 
S was given ECS immediately. No S died as a result of 
this procedure; no S had a convulsion. Each S showed 
a mild, general tonic muscular contraction during 
passage of the current, a contraction like that which 
can be elicited for the first minute or so after an animal 
has died. 


@——-©® ECS Only (Group 1) 
-t--——-=tr ECS —Ether~No Convulsions (Group I) 
+50: %*#——-% ECS - Ether - Convulsions (Group I) 


+25) 


0.91 ; aera rape t-m 


-.25 


Meon Inflection Ratio 


-.50 


75: 


Ist, Sth. Test F T 
C E E E E 
+ Trials =e 
[Fic. 1. Effect of ECS convulsions on the CER 
(as indicated by mean inflection ratios) 


Group IIT. The 16 Ss of this group received 14 ECS’s 
along with Group I. These Ss also received 14 anes. 
thetic doses of ether as given to Group II, but they re- 
ceived the anesthesia about 134 to 2 hr. prior to ECS, 
All these Ss had the normal convulsions in response to 
the ECS current. One died as a result of ECS, leaving 
15 to complete the experiment. 


Retention Tests 


Beginning on the fourth day after the last treat- 
ment, and after two adaptation runs, all Ss received a 
total of six retention tests, one per day for six successive 
days. Each test consisted of an unreinforced presenta- 
tion of the clicker during the daily run in the Skinner 
box. This procedure allowed for two somewhat different 
measures of the strength of the CER which might sur- 
vive each of the three types of treatment. The tests 
produced indications of the amplitude of the CER, ex- 
Pressed in terms of the decrease in lever-pressing out- 


put during the clicker, on each of six successive days. 
In addition, this arrangement also provided some 
measure of the strength of the CER in each group as 
indicated by resistance to experimental extinction. Each 
retention test, because it includes an unreinforced pre- 
sentation of the conditioned stimulus, is, in a sense, an 
extinction trial. 


All Ss were on a 23-hr. water-deprivation schedule 
during conditioning and during the retention-test 
period but had free access to food and water in the home 
cages during the treatment period. 


RESULTS AND DISCUSSION 


In general, the results of this experiment 
confirm the earlier reports by other investi- 
gators. Twelve of the 15 Ss in Group II, whose 
convulsions were blocked by ether anesthesia, 
showed the CER at full strength after treat- 
ment by a complete cessation of lever pressing 
during the clicker on test 1. In contrast, only 
one S out of each of the other two groups (I 
and III), which had the usual ECS convulsions, 
showed the full CER on test 1. These differ- 
ences between Groups I and II and between 
II and II were both significant at <.01 
level of confidence (x? values of 10.99 and 
13.57, respectively). And the difference be- 
tween Groups I and III was not significant. 

Figure 1 illustrates the results of the experi- 
ment in somewhat more graphic detail. The 
figure shows the average value of the “‘inflec- 
tion ratio” for each of the groups for the first 
and fifth conditioning trials and the six reten- 
tion tests. The “inflection ratio” indicates how 
much and in which direction the clicker, during 
the second 3 min, of the trial, changes the 
output of lever responses (see 4 for a more 
Complete discussion of the ratio). It expresses 
the difference in output between the first 
and second 3-min, Segments of the curve as 
a fraction (percentage in decimal form) of 
the output during the first 3-min. segment. 


(The inflection ratio = 2 — 


, where A 1S 


the number of lever responses made during 
the first and B is the number made during the 
Second 3-min. segment of the curve.) Complete 
Cessation of lever Pressing during the clicker 
(or second 3 min. of the curve) appears as 4 
Tatio of 1100} essentially unchanged output 
appears as a ratio of around 0.00, and a 100 
Per cent increase in ratio 
af +1.00. output appears as a 


The sharp drop toward —1.00 between the 
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first and fifth conditioning trials for all groups 
reflects the development of the CER. The 
sharp rise in the curves for Groups I and IM 
between the fifth conditioning trial and test 1 
reflects the weakening effect of the ECS con- 
vulsions on the CER. In contrast, the curve 
for Group II, which had no ECS convulsions 
because of the ether anesthesia, indicates that 
the CER was still strong on test 1 and re- 
mained so for tests 2 and 3. _ 

The difference between Groups I and IH 
for tests 3 through 5 is more apparent than 
real. One S in Group III showed atypical and 
highly variable output curves for these trials. 
With this S excluded, the curves for Groups 
I and III do not differ materially, though the 
average ratios for Group III fairly consistently 
tend to be slightly above those for Group I, 
and variability from trial to trial among the 
Group III Ss tends to be somewhat greater. 

The results of this experiment clearly indi- 
cate that ECS does not have its usual marked 
effect upon the CER if ether anesthesia pre- 
vents the convulsions from occurring. And 
the similarity between Group I, which re- 
ceived ECS only, and Group MI, which re- 
ceived both ECS and ether but at different 
times to allow the convulsions to occur, indi- 
cates that the convulsions themselves play an 
important role in weakening the CER. The 
Ss in Group III show the typical weakening of 
the CER after treatment, even though they 
received as much anesthesia as Group II Ss. 

These results, moreover, agree with the out- 
come of previous experiments which used the 
maze and runway. All the experiments, taken 
together, indicate that the convulsions asso- 
ciated with ECS do something more than just 
injure the peripheral motor apparatus to 
produce post-ECS decrements in tasks in- 
volving locomotion simply by slowing S down 
or making it stiff and sore. In addition, these 
results are consistent with, but do not neces- 
sarily confirm, the notion that intracranial 
hemorrhages caused by the convulsions play 
an important role in producing the ECS 
effect (see 2). Histological data were not ob- 
tained from the Ss in the present experiment. 
To allow a thorough check on the effect of 
convulsions on behavior, we kept the Ss alive 
a little too long after treatment to provide thé 
best histological data for this purpose. We 


plan to obtain such data in the near future 
however. 0 j 

The data from the present experiment do 
not necessarily indicate that passage of the 
ECS current alone, in those Ss where ether 
blocked the convulsion, has no effect on the 
CER. Nor do the results necessarily indicate 
that ether, given at such a time as to allow 
normal convulsions to occur, does not interact 
with ECS in weakening the CER. The present 
experiment only indicates that the convulsions 
have a considerably greater influence on the 
CER than either of the other two factors. Both 
of these other factors are now under investi- 
gation, using a weaker CER to check on the 
effect of the ECS current alone and a stronger 
CER to check on the interaction between 
ether and ECS when convulsions are permitted 
to occur. This adjustment in strength of the 
CER is necessary if the main effect in each of 
the two comparisons is to have a reasonable 
chance of appearing clearly in the retention 
tests after treatment. 

The present data are also quite consistent 
with the hypothesis that at least a portion of 
the effect of ECS may be attributable to a 
general physiological reaction to stress (7, 8). 
Anesthesia prevents what may be the most 
stressful aspect of ECS—the convulsions—and 
in doing so prevents ECS from having its 
usual substantial effect on the CER. The data 
by no means confirm the hypothesis, however. 
A decisive confirmation would require the 
demonstration that other stress-producing 
agents have the same effect upon the CER. 
Research on this possibility is now in progress. 


CONCLUSIONS 


1. The effect of ECS upon the conditioned 
emotional response is markedly attenuated in 
Ss prevented from having the convulsions by 
ether anesthesia just before treatment. This 
attenuation does not appear if ether and ECS 
are given at different times so that the Ss 
have the usual convulsions; it appears to be 
related definitely to the prevention of the 
convulsions by the anesthetic. 

2. This experiment does not rule out defi- 
nitely the possibility that the ECS current 
alone, when convulsions have been prevented 
by anesthesia, has some effect upon the con- 
ditioned emotional response. Nor does it 
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rule out the possibility that ECS and ether, 
given at different times, may interact to some 
degree in weakening the conditioned emotional 
response. The data do indicate, however, that 
the effect of either of these two factors upon 
the conditioned emotional response, if they 
have any effect at all, is probably small in 
comparison with the substantial effect of the 
convulsions. ; 

3. The data from the present experiment 
confirm previous findings on the effect of 
blocking the convulsions in ECS with an 
anesthetic. The present results, given the test 
situation in this experiment, also indicate that 
ECS does not produce its effects on behavior 
solely by injuring the peripheral effector ap- 
paratus in such a way as would impair loco- 
motion and motor coordination, an interpreta- 
tion not clearly ruled out by the previous 
experiments which used the maze and runway, 
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ICLENCY OF THE SERIAL MULTIPLE VISUAL DISCRIMINATION 


APPARATUS AND METHOD WITH WHITE RATS 


Jit is well known that the original training 
is the most tedious part of any animal per- 
formance study, Months may be spent in 
training animals for an experiment where the 
crucial data may be secured in a matter of 
seconds. In some of these studies the animals 
are either unfit for further work, or they must 
be kept for long periods to determine mortal- 
ity data. In either case it becomes necessary 
to train a new group of animals. Where tine 
sensory thresholds are sought, the demands on 
personnel and time are greatly magnified. 
It has therefore become necessary to scrutinize 
existing apparatus and methods to see if the 
same level of training might not be achieved 
in a more economical manner. 

The first eficient visual dis 
paratus for rats was developed by Lashley (4). 
The essential point in his technique wa that 
to slow down in front 


crimination ap- 


the rats were required 
of the stimulus patterns before they jumped 
across a gap to the positive figure. The extra 
attention secured in this manner plus the im- 
mediacy of reward or punishment was conduc- 
ive to high accuracy of response. 

Fields (1) used the essential “jump across a 


The apparatus described in this paper represents 
the combined ideas and labor of a number of individuals 


in the Department of Experimental Psychology. M/Sgt 
\/1C R. S. Massar, 


t, S/Sgt. D. H. Feit 
Anderson were the princip 


N. L, Ehrh 
and A/1C Harvey B. 
contributors. 

So far as developing methods of handling the ani- 
mals was concerned, A/1C R. S. Massar, A/1C G. H. 
AC R E NIG and A/3C H. L. Perry 


al 


Rothschild, A 
were primarily resi vonsible. : 

The applicabil y of probability theorems has been 
d with a number of individuals: Dr. R. B. 
F School of Aviation Medicine, Dr. 
^. Bright of the Uni y 
aplan of the USAF SAA 
Il helped to clarify these 
data were computed by 
E. W. Moore checked 


discu 
Payne of the USA 
“j Adams and Dr. H. | 
and Dr. S> J- K 
Primate Laboratory have a 
principles. The probability 
2d Lt. B. B. Cobb, and 2d Lt. 
the experimental design. . 

The views expre d herein are those of the author 
and do not ne arily represent those of the Depart- 


ment of the Air 
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f Aviation Medicine 


gap” but increased the number of stimulus 
openings to five. These and other changes de- 
scribed by him were responsible for an increase 
in efficiency in the original training period 
and a greater increase in statistical reliability 
when thresholds were sought. 2 

The apparatus and techniques o 
scribed here are simply a 

: l \ ations 
of the five-choice multiple-stimulus jumping 
apparatus used with rats (1) and the serial 
two-choice, five-box apparatus used with 
raccoons (2). The latter idea was taken from 
Stone’s earlier serial apparatus (6, 7). Although 
the SMVDA_ idea was discussed with Dr 
Stone in 1931, the unit in its present form was 
not constructed until 1949, In fact, its versa- 
tility was not fully appreciated until after 
experimental controls were sought for some of 
the problems under investigation. During the 
last two years it has been demonstrated before 
representatives of over fifteen universities and 
all branches of the military services in six dif- 
ferent problem settings. 


EFFICIENCY CRITERTA 


The efliciency of a discrimination apparatus 
may be tested in a number of quite different 
ways. Some of the criteria are: 

i. The number of trials which must be 
given before the simplest problem is learned 
by a group of representative subjects. 

2. The number of minutes (or man-hours) 
spent per animal in training it to meet the 
simplest criterion. 

3. The permanence and stability of the 
retention of previously learned responses. 

4. The degree and kind of motivation re- 
quired. 

5. Adaptability of the apparatus and tech- 
to a variety of problems, so that the 
an make one previously learned simple 
riety of situations. 


nique 
animal c 
reaction to a wide va 

6. The number of problems which can be 


investigated simultaneously. 
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7. Suitability of the response to a number 
of animal species. , : 

8. The extent to which the attention of the 
subject may be directed to the pertinent points 
of the problem. 

9. Ease with which various elements of the 
total problem may be isolated for control. 

10. Reproducibility of experimental findings 
in other laboratories. — 

11. Freedom from possibility of gross 
methodological and scoring errors on the part 
of the experimenter. 


Fic, 


12. The statistical 


sensitivity, 
and validity of the 


reliability, 
results obtained. 


DESCRIPTION OF APPARATUS 


The present SMVDA (Serial Multi 
crimination Apparatus) merely puts five of the five- 
choice multiple units in a row so that now the rats have 
to jump through the correct aperture in each of five 
platforms in order to get a single bite of food, 
important additions to the SMVDA not us 
earlier multiple apparatus were: 

1. Wire ladders reaching from the apron beneath 
the stimulus openings up to the top of the 
platform. Thus, the rat did not need to be handled after 
an error, When it fell into the apron, it ran to one end 
or the other and climbed up the wire ladder to the top 
of the jumping platform. 

2. The addition of 
ping switch arrange 


ple Visual Dis- 


The more 
ed on the 


jumping 


a battery of six timers and a step- 
l so that as the animal jumped 


1. Side view of SMVDA 


through the positive stimulus cards, it automatically 
measured the period that it had spent on each plat 
form and on the total apparatus. 

The construction details anc 
ina USAF project report (3). 


1 pictures are presented 


VERSATILITY 
In its simplest form, the SMVDA can be arranged 
so that two stimulus c 
in the san 
of equa 


ards can always be presented 
e two holes of each platform, In the interest 
zing distances from the end of the platform 
and of intercard distances, holes 2 and 4 will probably 
be chosen for presentation of the positive and negative 
stimuli. Under these conditions, with holes 1, 3, and 


5 blacked out, the apparatus is a serial two-choice 
discrimination design, Under these conditions, if the 
Jump to any one card js an error, all the rat has to do is 
= back up the ladder and jump at the other card. 
a a be pe learn this “alternation” and do not 

y as much attention to the crucial part of the dis- 
crimination Problem, 

The efficiency of this 
setting is greatly improved 
is directed to the 


apparatus in a two-choice 
and the animals’ attention 


r Problem more readily if the same two 
Stimulus ç; à pee. pi 7 
lus cards are presented from the very start of the 


trainj Oy s 

tiites, t= IN cach of the possible pairs of aper- 

of cach af ‘ire ten such Pairings for the five apertures 
h of th atforms. Since the total stimulus 


ne five pl 
n 18 changed if the position of the positive 
then there are 20 dif- 


card is reversed, 
hical (spatial) Patterns in which the two 
in cach of the five plat- 


can be presented 
a possibility of 3,200,000 different stimulus 
a single trial sequence. Tt is 


forms, or 


Positions available for 
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believed that this is the reason the rat learns to respond 
to the essential visual stimulus object in the SMVDA 
rather than to rely upon kinesthetic patterns. 

A simpler form of presentation which keeps the 
stimulus cards in adjacent apertures would reduce the 
number of possible pairings to four instead of ten, but 
by using a table of random numbers to secure randomi- 
zation of the pairs used, the right-left position of the 
positive card within each pair, and the side of the jump- 
ing platform by means of which the rat is introduced to 
the problem, very effective discriminations are ob- 
tained. 

More complex patterns which we have used with 
success involve: 

1. The presentation of the same positive stimulus 
with the same four identical negative stimuli in each 
of the five platforms of the apparatus. This is some- 
what similar to the problem involving the perception 
of the one dissimilar object. However, no effective argu- 
ment has been raised to prove that visual acuity is not 
fundamental to success in the oddity test. if the ex- 
tension of the “oddity principle” to five instead of 
three stimulus objects oe possible for rat to 

rectly stimuli w. ich previous investigators 
ie ‘A be beneath its visual threshold, then 
we have merely added an adana refinement to a 
iscriminati aratus and method. 
pea ofa different combination of one 
positive stimulus with four identical negative stimuli 
i h of the five platforms. For example, in an acuity 
peka latform would contain one card with 
problem the first P Nth horizontal black and white 
srtical and four cards with horizontal black an 
pore each 20 mm. in width. The second platform 
SE have cards with 15-mm. striae, the third pe 
10-mm. striae, etc. The use of a latin-square de- 
form he positive stimulus guarantees 
sign for placement of the posi | pee 
that the same numbered opening will be used bui oa 
for the positive stimulus in any series of five trials, 
and that the sequence of openings on & trial run through 
the apparatus will not be duplicated in any five-trial 
series. The use of additional latin squares will rule out 
the possibility that the rat can ever learn the correct 
spatial order of the responses. With this method five 
different levels of visual discrimination can be checked 
on one trial run. Ieo 

3.A presentation of five different stimuli in each 
of the five platforms. For example, in a brightness 
discrimination, the first platform would have a set of 
five different gray cards, the second platform a new 
set of five different gray cards that were a little darker 
than the first, etc. On each of the five platforms the 
rats were required to jump to the brightest card. As 
they progressed through the five platforms on any one 
trial, they were eventually jumping correctly and 
Positively to stimulus values which on an earlier plat- 
form had been negative. Five different levels of bright- 
ness threshold discrimination have been investigated 
simultaneously in this way. The dark to light order 
gives different discrimination times from those ob- 
tained when the same cards are presented in the light 
to dark order. 

So far as acuity is concerned, we have also presented 
4 positive vertically striped card of a certain width with 
four cards having different widths of horizontal stripes 


- tines, and has learne 


on each platform. As long as the width of the vertical 
stripes on the positive card are above the rats’ thresh- 
old, they will jump to it in this combination. 

It is also possible to get an indirect measurement of 
brightness discrimination from rats trained only on an 
acuity problem merely by replacing the black and white 
striped cards with cards on which the stripes are made 
of different shades of gray. When the animals are no 
longer able to stay above the required accuracy level 
in discriminating between the vertically and hori- 
zontally striped cards (the width of stripe having re- 
mained the same), the breakdown must be due to a 
failure to perceive the difference in brightness of the 
stripes. If it were not for the possibility that the rat 
would still jump to a card with striations so close as 
to be beneath its threshold merely because it could see 
the others and therefore avoid them, it might be pos- 
sible to train it to jump to the card with the smallest 
stripes (all vertical). It has been possible to get a posi- 
tive transfer from vertical alternate black and white 
stripes to a single vertical stripe on the contrasting back- 
ground in less than five trials. (A 20-mm. vertical black 
stripe on a white card, or a 20-mm. vertical white 
stripe on a black card was discriminated from a 20-mm. 
horizontal stripe with the same backgrounds.) 

4,It has been possible to use the SMVDA for 
tuitional controls. For example, on the first two plat- 
forms any four of the openings are blocked out and the 
positive stimulus presented in the fifth one. The rat 
jumps to this one card (vertical 15-mm. stripes) on 
platforms 1 and 2 and immediately finds five different 
stimuli (vertical 20-, 15-, 10-, 7-, and 5-mm. stripes) 
confronting it on the third platform. It must now jump 
to the one of the five cards that most closely approaches 
the width of the stripes on the single stimulus card 
just reacted to. Platform 4 would contain a single 
reinforcing card, and the fifth platform would again 
have five similar cards with vertical stripes of different 
widths. The use of guided training such as this has 
proven to be the most efficient method for establishing 
visual discriminations. 

A “help” is recorded whenever, after the rat is 
placed on the apparatus, any overt behavior on the 
part of the experimenter either initiates activity in the 
rat or helps direct it toward the stimuli to be dis- 
criminated. A help is usually a motivational device, 
although in certain extremes it may result in actually 
placing the rat in front of the positive stimulus and 
forcing it to jump. Letting the rat smell the food dish, 
replacing it on the bottom of the ladder leading to the 

i. ng either the apparatus or the 


jumping platform, tappi t 
rat’s tail, moving the rat on the apparatus or placing 


it between or in front of the stimuli to be discriminated 
are all considered as helps. On the other hand, 
in “guided training” the apparatus is set up in such a 
way that the animal sees only the positive stimulus 
and responds to it without any urging by the experi- 
menter. In this case, one positive stimulus is exposed 
with four black cards. Guided training of this kind is 
not maximally effective until after the rat has been 
oriented to the apparatus and the experimental rou- 
d its first discrimination problem 
Tf the rat failed to jumpin a 


vi aid of helps. 
et ded setting, then the experi- 


specified time limit in a gui 
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control for it. However, on the early training 
trials “the use of the latin square does help 
eliminate position habits and guarantees atten- 
tion to a stimulus pattern which is constantly 
changing its position in space. 

The fact remains that the speed of a single 
trial was always increased whenever any 
regularity appeared in the trial series. For 
example, if the positive stimulus card was 
exposed on each of the successive platforms 
in holes 1, 2, 3, 4, and 5, the time for that 
trial would be less than when they were placed 
in holes 3, 1, 5, 2, 4. It is obvious that the 
second trial order forced the animal to run 
farther in order to see all the positive stimulus 
cards, but the time difference is not due solely 
to the distance traversed. 

The treatment of errors also has a bearing 
on probability computation. In either the 


rat jumps to it, the number of errors 
the negative stimulus cards) per 
variable 


“all the Jumps necessary to get to 


In the two-choice apparatus the i 
rat 
learns that if its first miak 


all that is necessary js to ju 


trial is a 


previous errors and avoi 


the next jump. Under this reasoning, the rat 
is entitled to mak 


If only the first unaided jump on each plat- 
form is counted, but the rat is still required 
to rectify each mistake and complete a success- 
ful jump to the positive card on each of the 
five platforms in a single trial run through the 
apparatus, then the rat has the advantage of 
a large number of training jumps (corrections) 
to the various stimulus cards which are not 
reflected in the data. If a time limit is specified 
for each discrimination, then the most severe 
condition would count only the first unaided 
correct responses out of the total number of ` 
Opportunities where a failure to jump would 
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be counted the same as an error. Next in order 
of difficulty, and perhaps the most reasonable 
measure, is the number of jumps which were 
correct out of the total number of first re- 
sponses completed within the designated time 
limit. This method has the additional ad- 
vantage of eliminating unwanted motivational 
factors. For example, it did not lower the 
animal’s visual-acuity score merely because 
the animal was too sick or excited to make 
the effort to jump. More lenient still is the 
number of correct jumps out of the total 
number of unaided jumps made within a 
specified time limit, 

It is instructive to compare what happens 
after errors are made on the SMVDA and the 
two-choice apparatus. For example, suppose 
that a rat made a successful unaided first 
jump to the positive stimulus cards on plat- 
forms 2, 4, and 5. It was incorrect on the first 


: , five out of seven 
Single trial givesa probabil- 


get to food. (Lashley reports 
of the stimulus reversal orders 
l Was possible f t with an 
alternation habit to get 70 jaia cent of the 
mips correct by chance.) Under the strict 
interpretation, three or more unaided correct 
e eee of five would have a probability 
o .50 while five or more out of seven correct 
Jumps would be .22. 

{à comparison of the probability data ob- 
tained on this serial multiple apparatus as 
Opposed to that obtained with the usual 


y 
} 
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single-unit two-choice apparatus is presented 
in Tables 1 and 2. 

Inasmuch as motivation has always been 
considered an important factor in all animal 
work, it is desirable to get as many perform- 
ance data per unit of reward as possible. The 
data for trials in Table 1 give the probability 
of getting successive correct responses per 


TABLE 1 


Probability of Getting a Specified Number of Successive 
Correct Discriminations 


APPARATUS 
CORRECT 
ii Single-Unit = Serer 
Two-Choice ingle-Unit Five Choice 
1 .50 .20 
5 .03 .0003 
10 -0009 „0000001 
25 000000029 000000000000000003 
Tas | Aee SMVDA 
1 .50 0003 
5 .03 .000000000000000003 
TABLE 2 


Cumulative Probability Data and Per Cent Correct 
at Various Levels 


UNAIDED 7 R CENT 
ms | agamen | Vr | S06, |en 
SMVDA 
1 4 outof 5 | .007 80 
2 6 “e 10 .006 60 
3 8 “45 004 53 
4 9 “e 90 010 45 
5 11 “u 25 006 44 
Single-Unit 
Two-Choice 
10 9 ”»”» 10 .010 90 


unit of reward. The SMVDA is markedly 
Superior to the single-unit two-choice apparatus 
whenever motivation is an issue. This is the 
Principal contribution of the serial arrange- 
ment of the apparatus. 

On the usual day’s run on simple problems 
where the rats were given only five trials on 
the SMVDA with the latin-square design 
(rat got five opportunities to eat during the 
day’s runs), it had to make only 11 unaided 


threshold studies with this apparatus and 
method, acceptable probability data (.03} can 
be secured when the rats make only 9 correct 
discriminations out of 25. 


SAMPLE EXPERIMENTAL DESIGN 


The possibilities of the apparatus may be 
fully utilized in the following type of experi- 
mental design. We wish to investigate the 
effect of two different amounts of some vari- 
able (drug, radiation dose, altitude, etc.), 
upon the ability of two different groups of 
animals to perform certain tasks. The five 
tasks chosen might be acuity, brightness, size, 
and form discriminations, and a multiple- 


TABLE 3 
Sample Experimental Design 
AMOUNT OF RADIATION 
caTEconY PROBLEMS Or. | 250r. | 500r. 
Subjects per Cell 

Young Acuity 

Brightness 

Size 10 10 10 

Form 

Multiple-Choice 
Old Acuity 

Brightness 

Size 10 10 10 

Form 

Multiple-Choice 


Post radiation effects may be studied by the usual methods of 
analysis of variance or covariance. 


choice task. One problem is presented on each 
unit of the SMVDA so that the animal in a 
single trial run makes a response to all five. 
If the animals are divided into two classifica- 
tions (male-female, or young-old), the design 
can be set up according to Table 3. 

An’ additional refinement which greatly 
increases the statistical sensitivity involves 
the use of a double or triple classification (two 
or three degrees of learning or age of habit on 
each of the five types of problem). However, 
it should be noted that this sophisticated 
experimental design will lose much of its value 
unless the five separate problems used are 
sensitive and valid measures of the animal’s 


Correct discriminations out of 25 to be working «performance. If all the problems were excep- 


at better than the .01 level of confidence. On all 


tionally easy ones, the statistical design alone 
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might not reveal the small differences which 
coula be brought about by radiation. What is 
needed first is a thorough analysis of the ani- 
mal’s reaction possibilities to near-threshold 
stimuli in order that the most sensitive experi- 
mental measures of the animal’s various capac- 
ities can then be combined with the most 
sensitive statistical techniques to reveal any 
possible change due to the experimental vari- 
able. The search for a single threshold is likely 
to consume more time than will be necessary 
to carry out the definitive studies on all five 
problems once the proper range of difficulty 
has been established on the apparatus. 


PRELIMINARY FINDINGS 


With the .01 level of confidence as the cri- 
terion of a discrimination, albino rats have 
discriminated 1-mm. black and white striae, 
a .5-mm. white line on black, and a 1-mm. 
black line on white cards. They also discrimi- 
nated a 2.5-mm. black line bisecting 50- and 
40-mm. white squares, a 5-mm. black line 
bisecting a 15-mm. square, and a single verti- 
cal 1- by 20-mm. white line from a horizontal. 
In all cases the jumping distance was 21 cm. 
These data are superior to those reported for 
pigmented rats. 

Twenty-two different brightness ratios 
secured with gray papers were explored under 
the same levels of illuminance, In general 
holding contrast constant, the accuracy at 
the discrimination was reduced as the reflect- 
ance was increased. The use of a 10-mm.-wide 
vertical stripe against a 6- by 6-in. ground 
where the brightness of both was systemati- 
cally varied eliminated some of the problems 
encountered in the use of solid areas. 

Using only one unit of the apparatus, rats 
have discriminated perfectly between 50 
different perceptual symbols during a single 
experimental period. Presenting the positive 
symbols in a new serial order and paired with 
different (and in some cases, completely 
strange symbols) did not affect the accuracy 
of the response. After only five guided trials, 
they could pick out this one symbol from a 
panel of five strange symbols. 
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Training to one card with vertical striae 
exposed with four black cards in the units of 
the SMVDA resulted in immediate and per- 
fect positive transfer when four horizontal 
striae replaced the black cards. An additional 
week’s testing on this problem was followed 
by the selection of five new and strange sym- 
bols upon their first presentation with the 
four negative horizontal striae in each unit. 

Each of these studies will appear as separate 
articles in the future. 


SUMMARY AND CONCLUSIONS 


An apparatus and method have been de- 
scribed which make possible quick and accurate 
visual threshold determinations at a level of 
confidence never approached before. This 
extra margin of speed and safety is particularly 
important when it becomes necessary tO 
evaluate the potential hazards of various 
agents upon human beings by extrapolation 
from animal Ss. 
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EFF 7 D 
ECT OF A SECONDARY REINFORCER ON THE PRIMARY HUNGER PRIVE 


RAYMOND C. MILES anp DELOS_D. WICKENS 
The Ohio State University 


) rae 
Sep s (2) description of Primary Reinforce- 
in Postulate III stresses the i 
of the drive stimul sb 
| rina: $a and the reduction of this 
s. Th nm the formation of S-R connec- 
i; C F r tive stimulus concept is carried 
Wherein it Ey 2 Secondary Motivation, 
equines the ec a = that a neutral stimulus 
siila, oe y to bring about the drive 
at is ESEN y this is the same stimulus 
akar ia y the primary need state. 
of identity. i mate relationship, in fact one 
Primary a presumed to exist between the 
stimulus =e Te the secondary drive 
ment, referen rollary ii, Secondary Reinforce- 
and there « ce to the drive stimulus is omitted, 
Sethe no clear statement to the effect 
fails tp a omen reinforcer either reduces or 
Use of th uce the drive state. However, his 
whether € phrase “reinforcing state of affairs, 
to fap that or secondary” would seem 
to reduce ae the secondary reinforcer serves 
late ITT w e drive. The formulation in Postu- 
bak therefore, seem to predict that 
woul oie of secondary reinforcement 
Modification y the primary drive state. This 
za n would seem to be in the direction 
i & the primary drive. 
States ation that learned motive-incentive 
to Huy ; Toe the primary drive is not unique 
Des of le, man (4) includes as one of his six 
elief Jea arming the concept of equivalence 
ture, ie which is precisely of this na- 
tion Seeme arin: dae concept of sublima- 
© test T so to make a similar assumption. 
Ff secon, e hypothesis that the occurrence 
driy, aed reinforcement affects the primary 
{8) trained a iit Brown, and Pennock 
hi X. Each no rats to press a bar in a water 
& the anina press was reinforced by allow- 
Wh Tom a eo het thirst drive, to drink 4 
n the BE kvas ube inserted into the box. 
ed with « ey the animals were 
bitin toeea uzzer, and the sight 
Enie e; all were considered sec- 
Went ha e One group of animals 
a Second, ut extinction without the cus- 
ice, ary reinforcers, whereas the con- 
ere stimulated with the secondary 
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reinforcers during extinction. No reliable dif- 
ference was found between the groups in the 
amount of water consumption, tested immedi- 
ately after the extinction trials. If a secondary 
reinforcer did affect or partially satisfy the 
primary drive, the animals stimulated with 
the customary secondary reinforcers would be 
expected to drink less than the group not so 
stimulated. 

The purpose of the present study was essen- 
tially to repeat this experiment, utilizing a dif- 
ferent drive state. Specific departures from 
the earlier study were the use of hunger drive, 
a test under high and low drive, and a final 
check to see if the stimulus so defined was 


actually a secondary reinforcer. 

Stated generally, the purpose of the present 
experiment as in the earlier one was to deter- 
mine whether a secondary reinforcer had any 
observable effect on the primary drive. 


METHOD 


Apparalus 

The apparatus was a modified Skinner box, double- 
walled and insulated. When a bar inside the box was 
depressed, & magnetic release mechanism emitting a 
Te dick delivered one pellet of food. When the 
current output of a transformer was decreased, a bar 
press would result in neither click nor food; however, 
a magnetic counter outside of the box would cumula- 


tively record the number of bar presses. 


Procedure 
Pretraining. Records of individual daily food con- 
sumption were obtained for a ten-day period. Two 
groups of animals were formed by equating for sex 
and quantity of food consumed during the last ik 
ve of the ten-day period. The mean consumption for 
ar Be was 8.0 gm. and the mean 


one group, called group A, h J 
for the other, called group B, was 8.1. During this 
period the animals were also trained to press the bar 


in the modified Skinner box for food reinforcement. 
Each bar press allowed one pellet of food to drop into 


the food tray. : $ 
Tor all pretraining and the high-drive test days the 


animals were deprived of food for 22 hr. and allowed a 
2hr. eating period in an individual cage after each 
experimental session. In each training session the 
animals remained in the box for either a maximum of 
45 reinforcements oF 1 hr. This training continued 
until each animal had 75 reinforcements paired with the 


sharp click of the delivery mechanisms. 
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Test.days. On the first test day the animals were 
given 20 extinction trials, group A with the customary 
secondary reinforcer, click, whereas the eight animals 
in group B were extinguished without the secondary 
reinforcer. Immediately after the extinction trials each 
animal was placed in an eating cage and allowed to eat 
for the usual 2-hr. period. On the next three days all 
animals were given 15 reinforced trials a day to rein- 
state the habit. The extinction procedure was repeated 
with the procedure for group A and B reversed. Now 
group B received the customary click and group A 
extinguished without the click. 

The complete procedure stated above was repeated 
with the animals under a low-drive state of 6-hr. food 
deprivation. 

A final check was made to see if the click could be 
considered a secondary reinforcer. Again, the habit was 

reinstated with 15 reinforcements a day for a three- 
day period. The animals were randomly separated into 
two groups, eight animals in each group. The bar- 
pressing habit was then extinguished for the two groups, 
one with the click and the other without the click. The 


TABLE 1 


Food Consumption in Grams for the Equating Period 
and Test Days 


GROUP A 


Tire GROUP B 
Mean | SD | Mean | sp 

High Drive 

Test Day 1...... Z0} 22 7.8 

Test Day 2... i405 | sa | ao 
Low Drive l $ 

Test Day 1...... 6.0 1.3 6.3 

Test Day 2... s3 | 27 | 57 | 19 


* The italicized score refers to th 


incti i c group whi 
extinction with the secondary reinforce: group which underwent 


T present, 


criterion for extinction was 


Panna a 5-min. period with no 


RESULTS 


The mean quantity of food eaten by each 
group during the two tests under high and 
low drive is shown in Table 1. 

There was no significant difference (by-t test 
for related means) between groups during the 
equating period or on the test days, either 
under high or low drive. Amount eaten for odd- 
even days during the equating period corre- 
lated .81 + .09. Correlation coefficients be- 
tween the quantity eaten during the equating 
period and the two high-drive test days were 
.54 and .57. The probability of obtaining the 
above two correlations by chance is .05. 

Animals that underwent extinction of the 
bar-pressing habit with the click pressed the 


bar 37 per cent more times than the group 
extinguishing without the click. The differ- 
ence between the two groups was significant 
(by ¢ test) beyond the .01 level. In a similar 
study, Bugelski (1) found an extinction dif- 
ferential of 30 per cent favoring the click or 
secondary-reinforcement group. 


DISCUSSION 


The study by Simon, Wickens, Brown, and 
Pennock failed to find any effect upon the 
primary thirst drive as a result of the receipt 
of secondary reinforcement. A similar group of 
negative findings occurs in the present experi- 
ment. In the earlier experiment two separate 
tests and in the present experiment four sepa- 
rate tests were employed, and in no instance 
did the group which received secondary rein- 
forcement differ significantly from the group 
which did not receive it. Both experiments 
employed the technique of alternating groups; 
So that each group served under each condi- 
tion. It is unlikely that the results can be 
attributed to the chance assignment of heavy 
drinkers or eaters to a particular group. 

At least as measured by the present tech- 
nique, the two experiments together fail com- 
pletely to support the view that the occurrence 
of secondary reinforcement serves to decreas? 
or increase the primary drive state. InasmuC¢ 
as in the high-drive test situations in this 20! 
also the Simon experiment the means of th? 
experimental groups were lower than the me2?5 
of the controls, further investigation is wat 


ranted employing different testing or training 
procedures. 


SUMMARY 


h This experiment was designed to test thé 
ypothesis that the occurrence of seconda 
reinforcement affects the magnitude of the 
primary drive as measured by consummato. 
behavior, 

1, Sixteen rats were conditioned in a Skit” 
ner box with food as a reward and a click 235% 
ciated with the delivery of food. ; 

. REA the animals were given 20 extinctio® 
ve with click present and half without. , 
was measured in a situation to which the 2” 
mals had previously become habituated. 

4, ‘The test situation was repeated after 1 
conditioning with groups reversed. 


Immediately afterward food consumpti?” 
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be 5. Test pairs were given under primary drive 2. Hutt, C. L. Behavior postulates and corollaries— 
ates of 22-hr. and 6-hr. deprivation. 1949, Psychol. Rev., 1950, 67, 173-180. ° « 


6. In none of the four test situations is there 3 SMON, C. W., Wickens, D. D., Brown, U., & 


an ae a h Tt. ER fist 
Tees evidence that the groups differ aan E na pray Ea 
other. y ahs Š 

Er, physiol. Psychol. 1951, 44, 67-70. 
REFERENCES 4. Torstan, E. C. There is more than one kind of learn- 


1. Bucetsxr, R. Extinction with and without sub- ing. Psychol. Rev., 1949, 56, 144-155. 
goal reinforcements, J. comp. Psychol., 1938, 
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THE EFFECT OF VARIABLE FOOD REINFORCEMENT ON THE STRENGTH 
OF A SECONDARY REWARD 


DAVID C. McCLELLAND anp DONALD R. McGOWN 
Wesleyan University 


Secondary rewards like money or social ap- 
proval are usually assumed to be of major 
importance in the motivational structure of 
human beings, yet laboratory experiments In 
which previously neutral cues, such as a poker 
chip (3), a click (2), or a goal box (10), have 
been associated with primary food reward have 
not succeeded in establishing such secondary 
rewards with the kind of strength and persist- 
ence that seems to be required for the under- 
standing of human motives. Thus, at the hu- 
man level secondary rewards at times seem 
more powerful than primary ones, as in the 
case of martyrs, yet it has been difficult to 
establish a parallel phenomenon experimen- 
tally. It is just this problem that appears to 
have led Allport (1) to formulate his well- 
known doctrine of functional autonomy, which 
states that motives eventually come to func- 
tion independently of their biological origin. 

A useful approach to the problem is to con- 

sider, as McClelland has in another connection 
(9), what conditions are necessary for an asso- 
ciation, once learned, to be unlearned. One 
such obvious condition is that the organism 
must be able to distinguish between acquisition 
and extinction. In the normal extinction situa- 
tion, of which secondary-reward extinction is 
a case in point, this is easy. The animal is 
first fed in a distinctive reward box (acquisi- 
tion) and then is not fed when it enters the 
same box (extinction) (see 10). In some situa- 
tions, however, the discrimination between the 
acquisition cues and extinction cues is not so 
easy for the animal. Thus, in avoidance train- 
ing the animal normally has no way of know- 
ing that extinction has begun, for it is making 
a response which prevents its discovering that 
the shock has been omitted. 

A particular condition which makes it diffi- 
cult for the organism to determine that extinc- 
tion has begun is the nonspecificity of the 
original learning. The more general the asso- 
ciation formed during original learning, i.e., 
the more variable the conditions under which 
it is formed, or the more cues built into the 


association, the harder it should be to estab- 
lish conditions which should lead to extinction 
of the original association through nonrein- 
forcement. One of the characteristic features of 
learning in life situations is this very generality; 
it is a rare child who is consistently reinforced 
for making a specific response on every occa- 
sion, So the present experiment was designed 
to establish a secondary-reinforcement situa- 
tion which was more nearly like the variable, 
uncontrolled training which occurs naturally 
and to test for the persistence and strength of 
a secondary reward acquired under these con- 
ditions as contrasted with its strength when 
acquired under the more usual laboratory con- 
ditions of regular systematic association with 
primary reward. 


METHOD 
Apparatus and Subjects 


The apparatus used in this experiment 15 
diagrammed in Figure 1. It consisted of a circular g0% 
alley (cf. 4) constructed of aluminum and with & 
smooth wood floor. It was 5 in. high, 5 in. wide, a0 
had a circumference at its center of 72 in. It was ope? 
at one point to permit entry of the rat either via the 
entry box used during training or the T maze use 
during testing. The entry box consisted of a narrow 
compartment with an inclined runway leading dow? 
to a sliding door which could be lifted to permit the 
rat to enter the alley. The T maze illustrated by dotte 
lines in Figure 1 replaced the entry box during testing: 
It consisted of one section 39 in. long which formed ot 
bar of the T. The other section was 18 in. in length a” 
led to the circular goal alley via a raised wooden hurdle, 
3 in. high, over which the rat had to squeeze in orde 
to enter the goal alley. The sections of the T maze 
had smooth wooden floors 3% in. wide and woode? 
walls 634 in. high. The rats were placed in the T maz? 
at the section marked S in Figure 1, and lines were 
drawn on the floor of the maze at a, b, and ¢ to facilitate 
the recording of errors. The rat was recorded as havin8 
crossed one of these lines if both its front feet were 
over it, and as having entered the goal alley only ‘i 
all four feet were over the barrier at the entrance. Al 
parts of the apparatus were covered with hinged wit 
— sections which were movable to permit easy acces 

y E. 

The animals used were 44 experimentally naiv? 

male albino rats, three to four month's old. 
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Procedure 


en days. The animals were isolated 
ae zi ee cages in which there was plenty of 
i Ee an imes. They were then fed once every 24 
mA ate consecutive days, by E, who picked up 
Nea, nee = animals on eight different occasions 
ae ee offering them food in the form of a pellet 
tiken S — time. This insured the association 
eE ped and being fed, inasmuch as this 
actiial ts events occurred at least 24 times before 
climinatin ing began. It also served as a means of 
would SE previous to training any animals that 

readily adapt themselves to being handled 


in 


y B: T i 
Bed he feeding was done at the same hour of 


avi 3 A 
approximately, at which the subsequent 


Zal 
GATE OR 


RD 


Das tie im 
ies, Meee 1 
m 3" a 
Fig, 1 
1. Dj 
et atrangemen 
A tinction. D 
> during 


a of the apparatus. Solid lines show 

ae toe hig sg broken lines during 
x ining the anim: v 

é&tinction acre: als were placed 


nin, 
l: 8 and testi 
P. “=. esting for that particular rat was to take 
Taini: 
Broun !”8—three da 


Pa 


ys. For the specific-reinforcement 
rads mash was placed in front of the 
T goal ali eyond the end of section 1 of the 
Placed in ae as illustrated in Figure 1. The rat 
é s reid box and the gate lifted. The 
alle ake the ani 2 the entry box was inclined tended 

ye „animal slide down and out into the goal 


© time 
vs entry h, between the moment when the rat 


igen id latency or running time. When 
eae e pellet, it was removed from the 
cage ed cage, which was not the same as 

» Where it was kept for 20 + 5 sec. 


Boal mal 
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before being returned to the entry box for 
mol na of the 11 rats in this group e a 
—— orcement training trials on three consecutive 
; A control group of 11 animals was run under pre- 
cisely the same procedure except that they never were 
fed in the goal alley. Instead, they were allowed to 
wander in the goal alley for an amount of time ap- 
proximately equal to the time spent there by the re- 
warded rats on each of the three days of training. 
Because the amount of time spent in the alley by the 
rewarded rats decreased from day to day as they 
learned to find the food, the amount of time the control 
rats were left in the goal alley was decreased from 90 
sec. for each trial on day 1, to 60 sec. on day 2, to 30 
sec. on day 3. This was designed to include running 
time and time to eat the food pellet. The control ani- 
mals were fed eight pellets on each of the training days 
according to exactly the same procedure as had been 
used during habituation. That is, after the training 
session each rat was removed to its home cage and fed 
approximately }4 hr. after the last rat in the group 
being run had completed the training trials. The 
purpose of this was to dissociate feeding as much as 
possible from the exploration of the circular goal alley. 
For the general-reinforcement group no barrier was 
present, and the food pellets were made available in 
each of the four sections of the goal alley twice during 
the eight reinforcement trials but in a randomized 
fashion. Furthermore, half the time the pellet was 
placed on the floor of the alley so that the rat could 
run around until it found the food, and half the time 


it received the pellet only if it stopped in the “correct” 


section. If these two types of reinforcement are labeled 


R (for running) and S (for stopping), and if the num- 
bers 1, 2, 3, 4 refer to sections of the goal alley as in 
Figure 1, then the types of reinforcements were dis- 
tributed as follows on the eight trials for each of the 
three consecutive days of training: R1, S3, R2, S4, 
S1, R3, R4, 52. It was hoped that in this way the 
animals in this group would be prevented from associ- 
ating any particular response (turning left or right, 
running Or stopping), or any particular time delay, or 
any particular place in the goal alley with food rein- 
forcement. In contrast to this, the animals that had 
received specific reinforcement always found food in 
the same place and could reach it in approximately 
the same amount of time by turning left and running 
directly to it. Aside from these differences in the rein- 
forcement procedure, the animals in the two groups 
were handled in exactly the same way- 

A control group of 11 rats was also run for the gen- 
eral-reinforcement procedure. They did not receive 
any reinforcement in the goal alley, and unlike the 
conditions for specific control group there was no 
barrier in the goal alley. Furthermore, the time that 
these control animals were allowed to stay in the goal 
alley on each of the eight trials was determined by the 
approximate amount of time spent by the generally 
reinforced animals on comparable trials. Specifically, 
this meant that they were allowed to spend 90 sec. 
in the goal alley on all trials during the first day of 

> training, 60 sec. on the running trials and 90 sec. on 
the stopping trials during the second day, and 30 sec, 
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on the running trials and 60 sec. on the stopping trials 
during the third day. 
Testing—one day. In testing, the entry box was 
replaced for all rats by the T maze, and each animal 
was placed in Section S. It was hoped that by intro- 
ducing a choice point, some measure could be obtained 
of the extent to which a secondary reward would 
produce new learning. It was impossible to use a simple 
right-left discrimination without causing positive or 
negative transfer for the specifically reinforced rats 
which during training had learned to turn left. Con- 
sequently, the choice between going straight ahead 
and turning right was introduced as being intermediate 
between positive and negative transfer. The time 
taken by the rat to cross the barrier into the goal alley 
was recorded beginning at the moment the animal was 
placed in Section S. After it crossed the hurdle, it was 
left to explore the goal alley for 15 sec. before being 
removed to the waiting cage, where it remained for 
20 +: 5 sec. before the next extinction trial, as in the 
training procedure. There was no food in the goal alley 
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eral reinforcement had learned as compared 
with those that received specific reinforcement. 
Table 1 supplies data which are relevant to 
both problems. 

On each training day rats had been run 
under both types of reinforcement so that any 
differences due to shipment, changes in experi- 
mental handling, etc. would be equalized for 
the two reinforcement groups. The success of 
this approach is indicated to some extent by 
the first column in Table 1, which shows the 
mean running time on trials 1 and 3 for both 
groups on the first day of training before the 
different types of training could have had much 
effect. It had been arranged so that the food 
reward for the general group was placed in 
nearly the same position on the first trial of 


TABLE 1 


Mean and Median Running Ti i 
g Times in Seconds for General and Speci i 
Groups at the Beginning and End of rol ald ee 


DAY 1 
aE AA i N TRIALS 1 AND 3 COMBINED TRIAL 23 DENS TRIAL 24 
= 
— ean | SD | Median | Mem SD. | Median Mean SD Median 
EE 11 | 66.9] 30.5) s25 | 1.56] se| 1.00%] 1.27 45 1,00 
General. 4-5) 46.8) 57.0 | 8.36t| 8.14] 6.00 | agiz) 7.71 18.00 
i —4.5 | —6.80 | 7.58 | —5.00 | —17.00 | 7.26 |—17.0 
2.59 | 1.74 2.44 | 1.64 
2.63 | 4.36 6.97 | 4.43 
<.05 | <01 <.01 | <.01 


z z 
Mode since more than half the rats ran in 1 sec. 


t Reinforcement for running on trial 23, for stopping on trial 24 


at any time in the test series. i i 
place for those animals that ey sae aa ‘t if 
training. Each animal was given 25 extinction trials 
Because many rats did not cross the hurdle into thi : 
goal alley on one or more of the extinction trials = 
arbitrary upper limit for the duration of each trial ka 
set at 120 sec., at which point the animal was ine 
to the waiting cage to prepare for the next trial. Ina 
much as the animals could run freely in the T cis, 
retracing errors were possible; but no errors were 
counted after the animal had once entered the oal 
area, even though it might return immediately to the 
T section. 


RESULTS 
Training 


The behavior of the rats on the three days 
of training is of interest for two reasons: to 
determine whether the groups of rats are 
equated initially in ability, and to analyze 
just what the animals that had received gen- 


training as it was for the specific group (i.e 
in section 1 to the left of the entrance into the 
goal alley). Unfortunately comparison on nis 
ma alone proved impractical becausè 

e tremendous individual differences in 
amount of time the rats took in exploring the 
circular alley before eating. Consequently; the 
running times on trial 3 were averaged i? w 
provide a more stable figure for each rat- op 
this trial the rats in the general-reinforceme” 
group found the food to the left of the Y 
trance but a little farther along (in section 2) 
They had also had an intervening trial, 
which they had been reinforced for stopp™ 
m section 3, as compared with the specif” 
group rats, which were always reinforced fo 
running to food in front of the barrier at th? 
end of section 1. In spite of these differen, 
the figures in Table 1 show that the runnivé 
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= for these two trials are about the same 
Alth e nese for the two groups of animals. 
com this is not an ideal test of the initial 
ae eed two groups, it does indicate the 
aight he any marked group differences which 
a ave arisen by chance in selecting the 
+ for inclusion in the two groups. 
he Whether each group of animals learned 
Brova it is fairly apparent that both groups 
ane markedly from the first to the last 
= g rials, The great variability in running 
nA the initial trials suggested that some 
Mee other than the mean might be prefer- 
took Som the extent of learning which 
Corum Consequently, the mean number 
Burassine times on a given day meeting or 
ollowin & 2 given criterion was computed, 
Ta this s a technique used by V. Sheffield (11). 
runnin “a the criterion chosen was the median 
Cone he sec.) for both reinforcement 
sible to a all three days (24 trials). It is pos- 
Were e ee the number of responses which 
each fn to or faster than this criterion for 
that fhe © on each day and to demonstrate 
forcement tet which received specific-rein- 
fast Rake training showed significantly more 
ing days es times on each of the three train- 
he pe an the variably reinforced group. 
day 1 to om of analysis applied to gains from 
Beneral san shows that both the specific and 
er of fact ups showed increases in the num- 
well he running times which are significant 
5.9g Yond the .01 level (CR’s = 9.63 and 
of p.f°SPectively), In other words both 
ats showed = ther words both groups 
5 Tio a A E EERE decrease from 
em to get food, e length of time it took 


ay) 3 
We * > considered the course of learning, 
What at turn our attention to differences 
Of train, e nimals had learned by the end 
Ng, as illustrated by the data on trials 
the ecif in Table 1. As far as the animals in 
the answer forcement group are concerned, 
Urn lege (9 1s simple. They have learned to 
= an 1 per cent of the 22 turns on trials 
i, Pet Pent Fon left turns as compared with 
ce a certain On the general group) to get food 
eo overhe. specific place (barrier, floor, wall, 
ae c tim, ad-lighting cues) after a certain 
th the ate delay (1 to 2 sec. for 95 per cent 
ae genera] ng times on trials 23 and 24). For 
Tesponse Sroup there is no such specificity 
learned (55 per cent left turns, 


> trance into the 
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50 per cent reward for stopping and» 50 per 
cent for running) or of place cues (reinforce- 
ment associated equally with all parts of the 
alley and sometimes with lifting of the screen 
over the top of the maze), or of delay between 
entry into the goal alley and receipt of rein- 
forcement. Special attention should be called 
to the delay factor because it is not only much 
longer for the general reinforcement group 
(over-all medians of 19.9 sec. vs. 5.4 sec., trial 
23 medians of 6 sec. vs. 1 sec., trial 24 medians 
of 18 sec. vs. 1 sec.), but it is also significantly 
more variable on both trials 23 and 24, as 
Table 1 shows. It seems reasonable to con- 
clude from all this that the association the 
variably reinforced animals have built up be- 
tween the goal alley and food must be much 
more general (based on many more cues) than 
the association built up by the animals that 
have received reward after a regular delay, at 
a particular place, for a particular response. 


Testing 

On day 4, or the extinction day, a choice 
point on the way to the goal alley was added 
in an attempt to get some measures of the 
relative potency of the two kinds of secondary 
reward in producing new learning. The attempt 
was not notably successful. Whether the meas- 
ure of learning used was trials to the first 
errorless run into the goal alley, errors made 
per completed run into the goal alley, or num- 
ber of errorless trials out of 25, there was little 
evidence of difference among the two differ- 
ently trained or control groups, largely because 
the single choice point provided much too 
simple a learning problem to show major dif- 
ferences. Also, it was difficult to know just 
where to stop the measurement. Thus, the 
generally reinforced animals showed a signif- 
icant decrease in errors at the 1 per cent level 
between trials 1 to 10 and trials 11 to 15 
whereas neither the specifically trained nor the 
control animals showed any such drop. But 
this comparison seems a little arbitrary in 
view of the fact that on trials 16 to 25 they 
showed an increase in errors again. 

The picture is much more clear-cut when 
we turn to latency measures or the running 
times from the start of the test maze to en- 
goal alley by climbing com- 
pletely over the barrier. Unfortunately, inas- 
much as there were some extinctions (failures 
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to run in 120 sec.) on nearly every one of the 
25 trials, mean running times per trial or 
groups of trials are not very accurate measures 
of central tendency. To get around this diffi- 
culty, two solutions were adopted, one gross 
measure to show the differences between the 
two reinforcement groups and the control 
groups and the other more sensitive measure 
to show the differences between the two rein- 
forcement groups. The first measure is com- 
parable to that used to measure learning during 
training and represents the number of response 
times in the four groups which were at or 
below 47 sec., which was the over-all median 
response time for the two reinforcement groups 
during extinction. By this index the differences 
are large and significant between each of the 
reinforcement groups and the two control 
groups which were combined in the analysis 
because they gave identical results. The critical 
ratio for the difference between the mean num- 
ber of fast running times on the first ten trials 
for general reinforcement over control was 3.57, 
p < .01; for specific reinforcement over control 
it was 3.40, p < .01. Comparison by the same 
statistic beyond this point becomes compli- 
cated by the fact that the control group showed 
very few or no such fast running times in the 
latter trials of extinction. But the evidence is 
clear-cut that both reinforcement groups show 
delayed extinction as compared with animals 
which did not receive any reinforcement train- 
ing in the goal alley. 

Because of the skewed distribution of run- 
ning times during extinction, it was decided 
that the best way to handle them for a sensi- 
tive analysis of differences between the two 
reinforcement groups was to convert them into 
log running times. The mean log running times 
were computed for each extinction trial for 
each group, plotted in Figure 2, and tested for 
significance of linear regression. For the specific- 
reinforcement group, linear regression (here 
represented by increasingly slower log running 
times) contributes significantly to the vari- 
ance (F = 22.3, p < .01), but for the general- 
reinforcement group, linear-regression variance 
is not significant (F = .36, p > .50), nor is 
there significant curvilinear regression as is 
suggested by the slight decrease in running 
time followed by an increase. This suggests 
that the most adequate conclusion that can 
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be drawn from the extinction data for the 
general-reinforcement group is that as a group 
they show no significant evidence of extinction 
in terms of running time whereas the specific 
group does. 

Furthermore the over-all mean difference 
between the two groups in log running time 
for all 25 trials is significant (£ = 9.64, p < 
.01) and the size of the difference shows a 
significant increase, again as measured by the 
contribution of linear-regression variance to 
the variance of the differences (F 5.36, 
p < .05). In short, as far as running time is 
concerned, the general-reinforcement group is 
markedly superior to the specific-reinforcement 
group in resisting extinction, and actually in- 
creases its superiority as the number of non- 
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rewarded trials begins to produce extinction q 
the entering response in the specifically trained 
animals. 

The reciprocal of running time or speed ee 
also used as a measure. It gave substantially 
the same results as reported here except a 
the curve for the generally reinforced grouP 
showed a much more marked increase in rue 
ning speed in the middle of the extincti?" 
Series, followed by a drop back to the int 
running speed. Since neither the increase °° 

€crease was significant, the conclusion draw 
for the log running time measure seems safes" 
namely, that the general group shows no © 
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a nt change in running time during t 
extinction trials. 
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stimulus and response generalization gradients 
is taken into account. 

The way in which the results are not in line 
with what would be expected on the basis of 
such analyses of simple functions suggests a 
parallel with partial-reinforcement experiments 
in which less reinforcement has led to a greater 
delay in extinction. V. Sheffield (11) has ex- 
plained this phenomenon by pointing out that 
the change in the stimulus pattern produced 
by initiating extinction is larger when extinc- 
tion follows 100 per cent reinforcement than 
when it follows partial reinforcement. Since 
the extinction cue pattern resembles the ac- 
quisition cue pattern less after 100 per cent 
reinforcement, the extinction cue pattern 
should evoke fewer conditioned responses by 
generalization than if it were more similar to 
the acquisition cue pattern, as is the case with 
partial reinforcement. The same argument can 
be applied here: omission of reinforcement 
changes the cue pattern less if the original 
cue pattern is complex or variable than if it 
is simple and invariant. Therefore, non- 
reinforcement should produce less decrement 
in the learned running-into-alley response of 
the variably reinforced animals than in the 
same response of the specifically reinforced 
animals. 

This suggests that an important factor in- 
fluencing the number of trials it takes to ex- 
tinguish a response is the degree of similarity 
between the conditions of acquisition and ex- 
tinction. The less the similarity, the more rapid 
the extinction, etc. In short, extinction must 
be considered as a problem in temporal dis- 
crimination for the animal, and all the factors 
influencing the ease or difficulty of making 
discriminations should be influential in deter- 
mining its course. — 

Such an interpretation of the extinction 
problem has two important implications. First, 
it helps explain why secondary rewards learned 
under the more variable conditions of everyday 
life extinguish so slowly. Second, it helps ex- 
plain why secondary rewards learned early in 
life, before the young organism has developed 
the symbolic capacities which make discrimi- 
nations easier, tend also to be relatively hard 


to extinguish (cf. 6; 8, P- 116). 
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n SUMMARY 


After three days of habituation, four groups 
of 11 albino rats were given eight trials a day 
for three days in a circular goal alley. Two of 
the groups received two different types of food 
reinforcement on every trial in the goal alley. 
The two other groups served as controls and 
received no food in the goal alley. A specific- 
reinforcement group always found food to the 
left of the entry into the circular alley in front 
of a barrier. A general-reinforcement group 
received food in four different parts of the 
circular goal alley in a randomized fashion, 
and sometimes for running to and sometimes 
for stopping in the appropriate section. On 
the fourth day, the extinction day, a choice 
point was added on the way to the circular 
goal alley, and all four groups were given 25 
trials separated by 20-sec. intervals in which 
no food was present in the goal alley. The fol- 
lowing results were obtained: 


During Acquisition 


1. The specifically reinforced animals 
showed a large and significant increase in the 
speed with which they turned left and found 
the food in front of the barrier. 

2. The generally reinforced animals also 
showed a significant increase in the speed of 
finding food, but they took longer and dis- 
played greater variability in running time and 
in responses used to get food than the specif- 
ically trained animals. 


During Extinction 


1. Both groups of reinforced animals ran 
significantly faster into the goal alley than the 
nonreinforced control animals, indicating that 
the goal alley had acquired secondary-reward 
value for both groups. 

2. The generally reinforced animals showed 
a significant decrease in the number of errors 
per entry in the middle of the extinction series 
whereas the specifically reinforced animals did 


not, suggesting the secondary reward had pro- 
duced new learning for the former but not for 
the latter. 

3. In terms of time, the generally reinforced 
animals ran significantly faster into the goal 
alley throughout the 25 extinction trials than 
did the specifically reinforced animals. They 
also did not show significant signs of extinction 
during the 25 nonreinforced trials, as evidenced 
by slower running times, whereas the specif- 
ically reinforced animals did show extinction 
by the same measure. 

These findings are interpreted as showing 
that extinction is a function of the ease of 
discrimination between the cue pattern during 
reinforcement and the cue pattern during non- 
reinforcement. 
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beginning the experiment, they were blinded and 
placed in individual living cages. During the whole 
experiment, they were on an ad libitum supply of food. 
Motivation in the experimental situation was controlled 
by manipulating water deprivation. 


Procedure 

In experiments involving the thirst drive, such 
variables as temperature and humidity may seriously 
affect the motivational level of the S. For this reason 
it is desirable to run various groups at as nearly the 
same time as possible. In this experiment, Ss in all 
groups were run early in the evening, and the investi- 
gation was performed in two replications. Since the 
results of the two replications were the same, and since 
neither humidity nor temperature showed systematic 
variation during the experiment, both procedure and 
results will be described as if the experiment had re- 
quired just one series of sessions. 

The Ss were placed on a 22-hr. drinking schedule 
two days before pretraining, and kept on it through 
the pretraining series. Pretraining consisted of 20 
trials on a straight runway constructed from three 
maze units and the same goal box as was used later on 
in the maze. During pretraining, the Ss were run under 
22 hr. of deprivation and were allowed to drink for 30 
sec. in the goal box at the end of each run. Trials were 
administered at the rate of two a day. After ten such 
days and 20 trials, running time had decreased to about 
5 sec., and group variability was low. At this point 
training on the maze was begun. 

In this training, the Ss were given 15 trials on the 
maze, at the rate of one trial a day to eliminate possible 
complicating effects of drive reduction produced by the 
administration of reward. During the first, ten trials, 
20 Ss were run under 2 hr. of water deprivation and the 
remaining 20 Ss were run under 22 hr. of deprivation. 
The 2-hr. group was allowed access to water continu- 
ously except for the 2 hr. immediately preceding the 
experimental period. The 22-hr. group remained on 
the same schedule as during pretraining. On each trial, 
S was allowed 45-sec. access to water In the goal box. 

‘After trial 10, the two groups were subdivided and 
ten Ss from each group assigned at random to a 2-hr. 
group and a 22-hr. group. Beginning on the evening 
following trial 10, each of the four subgroups thus 
produced was given five more rewarded trials in the 
maze on the one-trial-a-day_ schedule. . 

The experimental design, it will be seen, is a 2% 2 
factorial, in which motivation during trials 1 to 10 

inal, and motivation during trials 11 


defines one marg ` 
to 15 defines the other. Results from a design of this 
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sort are easily treated by the analysis-of-variance 
technique. An efiect on habit is demonstrated if the 
measures obtained on trials 11 to 15 are significantly 
different for Ss trained on trials 1 to 10 under the two 
degrees of motivation. An effect on performance is 
demonstrated if the same measures are significantly 
different for Ss run under the two different levels of 
motivation on trials 11 to 15. We shall refer to the 
four experimental groups in this design in terms of the 
number of hours of deprivation obtaining in the two 
phases of the experiment. For example, group 22-2 
is the group run first under 22 hr. of water deprivation 
and then shifted to 2 hr. of deprivation. Group 22-22 
is that which received all of its trials under 22 hr. of 
deprivation. The other two groups will be called group 
2-22 and group 2-2. Our main interest is in the per- 
formance of these four groups on the last five trials of 
training, in terms of number of errors and amount of 
time accumulated in each maze run. 


TABLE 1 


Analysis of Variance Performed on Mean Error Score 
and on Mean Log Running Time during Trials 
11 to 15 in the Maze 


ERROR SCORES TIME SCORES 
SOURCE OF g 
vaaron | 4/8] g si| 8 
2/93) r| SS] 45| re 
ag | 35 AIEN 
a a a a 
Motivation trials} 1 | 2.03 | 2.03 | 3 
By -08 | 0.00 | 0.00 | 0.00 
Motivation trials} 1 | 2.03 | 2.03 
al . 3. 
ane 08 | 1.02 | 1.02 |51.00 
Interaction 1 | 0.07 | 0.0 
tera . +07 | 0.11 | 0.06 | 0.06 | 3.00 
Within groups 36 |23.91 | 0.66 | — ‘ : 
(oe 0.60 | 0.02 | — 


* The F ratio required for signi 
The gnificance at the . i ; 
for significance at the .001 level, 13.29. P 


RESULTS 


Let us consider error scores first. If we use 
as a measure of performance mean number of 
errors per trial for each S on trials 11 to 15 
averages are 0.9, 0.9, 1.2, and 0.4 errors for 
groups 22-22, 2-2, 22-2, and 2-22, respectively. 
Differences assignable to level of motivation 
either during the first ten trials or the last 
five trials fail to reach significance at the .05 
level. The analysis of variance on which this 
statement is based is presented in the left- 
hand portion of Table 1. Learning curves for 
the four groups are nearly identical. There is, 
in short, no evidence that the number of errors 
is related to strength of motivation at any 
point in learning. 

The time scores show quite a different pic- 
ture. Learning curves for the logarithm of 


this measure are presented in Figure 1. Note 
that the groups are clearly different from ap- 
proximately trial 3 on. Also note that, with 
the motivational change introduced on trial 
11, performance immediately slows up for 
group 22-2, and that a decrease in the time 
measure occurs for group 2-22 on trial 12. 
The fact that the response of this latter group 
to the change in deprivation is delayed for 
one trial may represent a residual effect of 
ten days of nearly continuous free access tO 
water. Finally, observe that the speed of maze 
traversal seems to depend almost entirely upo? 
motivation during the trials when it is meas- 
ured. Mean log time scores for groups 2-2, 
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Fic. 1. Learning curves showing the mean Jogarith 
of the time score for each experimental grouP g a 
function of practice. The arrow indicates the poin r 
which drive was changed for two of the groups: E 
the meaning of the legend, see the text. 


22-2, 22-22, and 2-22 are 1.66 sec., 1.74 8°04 
1.34 sec., and 1.42 sec., respectively. This 19° 
fact argues against the idea that drive en 
uring learning has anything to do with e 
amount learned and is supported by the analy 
sis of variance presented in the right-b i 
portion of Table 1. The results of this analy 
show that the only significant experimen 
contribution to variability is that from Er 
motivational level at the time the meas 


used in the analysis were obtained. 


2 DISCUSSION iat 
€ results of this experiment are simi d 
s those of Kendler (6), Strassburger (10), e 
a (11) in showing that drive level at 
ime of learning has no significant effect 
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Laney = a test situation when drive is 
oe So far as the main question under 
Stigation is concerned, they support Hull’s 

SA Gad that motivation is important in re- 
At | aaah but not in habit formation. 
J R level, however, these findings 
Enen y damaging to one of Hull’s fun- 
Ean ao eion; that various response 
a pend for their value upon a single 
DEA coit, sEx. From our results it 
bravia) x nderson (1) and Bruce (2) have 
tine Gee, ound, that measures involving a 
Heat ae are more responsive to motiva- 
bres, wi Se than measures like number of 
ne ae are independent of time. Such a 
spose oy La that these two indices of re- 
erent aspe on may be reflecting quite dif- 
situation a ie behavior. In this respect the 
Bost torealint ke that in conditioning where 
probabilt lons between response latency and 
(3), Althan a occurrence are typically found 
escribed nE Pe response-evocation process 
Correlations y ull can accommodate such low 
Periment = ee like those of the present ex- 
e widely E st at least a reconsideration of 
Variables 4 cepted notion that all response 
epend equally upon a single process. 


SUMMARY 


A Four 

Biven pm epee ten male albino rats were 
Periment an in a ten-unit T maze in an ex- 
tivation at €signed to determine whether mo- 
“Mount lea the time of learning influences the 
trials unde: ted. Two groups received all their 
“spectively 2 and 22 hr. of water deprivation, 
te tikis Y. The other two groups received 
Were eee these two conditions and then 
of mare €d to the other condition. Analysis 
Shows no Performance in the last five trials 
tim effect of earlier motivation on either 


OF err 
Or scores. Motivation at the time 


of testing, however, does influence time scores 
(p = .001). This fact supports Hull’s hypoth- 
esis that the habit-formation process is inde- 
pendent of drive. The finding that time and 
errors respond differently to motivational 
changes suggests a re-examination of the re- 
lationship postulated by Hull to exist among 
the response variables. 
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SIMPLE TRIAL-AND-ERROR LEARNING: MASSED AND DISTRIBUTED 
TRIALS WITH HABITS OF UNEQUAL INITIAL STRENGTH 


GLEN A. HOLLAND" 
University of California, Los Angeles 


Hull (1) has investigated animal learning 
under conditions which he refers to as “sim- 
ple trial-and-error learning.” The term denotes 
a situation in which Æ first establishes in his 
Ss two specific response habits with a given 
number of reinforcements for each response. 
Following this habit training he allowed the 
Ss to make either response, but only one of 
the responses was reinforced. This second phase 
of training constituted the simple trial-and- 
error learning situation. Hull’s experiment in- 
volved responses which had received unequal 
numbers of reinforcements in preliminary train- 
ing. The Ss were given massed trial-and-error 
learning trials. The present experiment is sim- 
ilar in plan to Hull’s, except that in addition 
to a group of Ss which received massed trial- 
and-error learning trials there was a com- 
parable group for which the trial-and-error 
learning trials were distributed at the rate 
of approximately one trial per day. 


METHOD 
Subjects and Apparatus 


The Ss for the experiment were 90 male albino 
rats obtained from the Albino Farms, Redbank, New 
Jersey. All animals were 80 to 100 days old at the time 
of shipment. 

The experimental box used was a modification of the 
Skinner-Youtz apparatus similar to that used by Hull 
(1) but with some modifications. The manipulanda 
entered the experimental chamber through two open- 
ings on either side of the food delivery chute. The 
manipulandum on the left (H-tube) was a piece of 
hollow brass tubing which could be moved horizontally. 
The manipulandum on the right (V-bar) was a piece 
of flat brass stock which could be moved vertically. 
The manipulanda were automatically retracted after a 
l-in. displacement in either direction from their 
positions of rest. 


1 This experiment is part of a dissertation presented 
to the faculty of Yale University in partial fulfillment 
of the requirements for the Ph.D. degree. The writer 
is indebted to the late Dr. Clark L. Hull, who served 
as thesis adviser and whose theoretical formulations 
provided the basis for the research. He also wishes 
to express his appreciation to Connecticut College for 
Women, which provided research facilities and funds 
for the experiment. 


Further modifications included an open-ended hall, 
5 in. high by 534 in. wide, which was placed inside the 
experimental chamber to restrict the activities of the 
Ss. A vertically moving sheet-metal shutter 1 in. from 
the end of the hall allowed E to control the Ss’ access 
to the manipulanda, Water was provided by a bottle 
recessed in the door of the chamber at the end opposite 
from the shutter and manipulanda. Food pellets were 
delivered to the chute by hand. 


Procedure 
Habituation 


All animals were allowed at least one week in mene 
to recover from the effects of shipment. During is 
period a 24-hr. feeding cycle was begun, the ent 
being fed once a day at the time they were later pee 
trained. The day before being placed in the appari ts 
for the first time all animals were fed the food pelle 
used as reward in place of their regular food. 

On the first day the animals were place eal 
apparatus, they were allowed to explore it and toet 
food pellets placed in the food cup. After the pe 
in the food cup were eaten, an additional pellet 
delivered through the food chute, accompanie imal 
sound of the electrical contact mechanism. Each ami 
remained in the apparatus until a total of 20 
had been obtained and eaten immediately follo 
delivery. On the second day the animals receive this 
additional pellets in the same way, except that ise 
time the shutter in front of the food cup was To tet 
before the delivery of each pellet and lowered ‘hich 
the animal had received the pellet. Any animal Ko 
was not finding and eating the pellets immediate ba ; 
delivery was fed 20 additional pellets in the app2™ 


d in the 


Habit Training 


e 
First session. After the animals had received ai 
pellets accompanied by the click of the mechanis™ ttet 
by the raising and lowering of the shutter,? the a re 
was lowered and a single manipulandum (menato 
with wet food on the first three trials) was pushed i 
the animal’s side of the apparatus. For one-half 0 for 
animals this manipulandum was the H-tube, 4 ther 
the other half it was the V-bar. The shutter wa5 ` u- 
raised and the animal allowed to react until the men x 
landum was displaced enough to cause it to be retrat gn 
Food was given immediately following the mium i ad 
and the shutter was lowered as soon as the anima 
obtained the reward pellet. 

The second trial was given as soon as the | t 
had finished eating and had returned to the vicin? “ly 
the food dish. The interval between trials was US" 


aal 
anim f 


ip 
? This “warming-up” procedure was followed 
each of the four sessions of habit training. 
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about 
ieee © om although on occasions it was considerably 
dadie - a the animal drank after eating or in- 

a Rena om or exploratory activity. 
es tet trials following this procedure con- 
sintered ¢ on habit-training session. The response 
ti be “en i mis session was the response which was 
to eed (have the greater habit strength) prior 
Ronreinforced) i learning, but which would be “false” 
ersed i io the trial-and-error learning. It will 
aaa pee ereafter as Rsp. 
elon a ot One week after the first habit-training 
the eee were placed in the apparatus and 
to the core manipulandum was introduced singly 
following eet chamber. Ten rewarded responses. 
the hats à procedure of the first session, established 
“weaph mer ie of the response which would be 
Would be aor to „trial-and-error learning, but which 
Tesponse Aa ee in that situation. This 
hird D d to as Rw-e 

session ea pE Three days following the second 
animals were given 20 additional rewarded 


Tesponses, a nted 
k the mani p 
ee nipulandum for Rs-s being presente 


sin 
Fourth 
* it i 
sion the animoy, cree days following the third ses- 
Tesponses, the als were given 5 additional rewarded 
F manipulandum for R.-y being presented 


At th 
e en ; ss 
haq fete ke habit eain sessions each animal 
Cements of Riss einforcements of Rs-s and 10 rein- 
Tri 
al~ 
and-Error Learning 


Grou ENE 
RË the m cer ‘rials. Following the fifth trial 
Owered, both abit-training session the shutter was 
a etimental omipulente were introduced to the 
ged. e amber, and the shutter was then 
p adipulan aa animal made the Rss response, both 
ne -No were retracted and the shutter was 
ade the peWard was given for R.-s. If the animal 


altoman, e Re 

beferatically retracted, be both manipulanda were 

cami, © shutter wa ut a food pellet was delivered 
n; vas lowered. In trial-and-error 


Withi; 


Was 
Co 
to 5, Cunte 
it as a tri D 
S cage, trial, and the animal was returned 


oR eie 13 occasions the interval was 
als had been raigh the interval was 72 hr. 
tiod of 22 h eprived of food in their cages 
E = Prior to each trial. 
that treated the = trials. The animals of Group M 
a as animals in Group D, except 
seo Mal-and-err ere given 100 consecutive trials 
cutive” as or learning situation. The term 
tria) Tals were p here implies not only that the 
Fe Owe, aoth in a single block but also that one 
foog War pell er as soon as the animal had eaten 
cy et and returned to the vicinity of the 


as so : 
on as the manipulanda could be reset 


en . EA, 
no reward was given, the next trial 


and the shutter raised if the animal remained in the 
vicinity of the food cup. JA 

Two animals, on one occasion each, showed no tend- 
ency to react to either manipulandum within a 5-min. 
period following the raising of the shutter. On the 
following day the remainder of the 100 massed trials 


was given to each animal. 


RESULTS 


Before the results for Group D and Group 
M animals can be compared, it is necessary 
to establish the equivalence of the groups at 
the outset of trial-and-error learning. A con- 
venient criterion is the distribution of R..y and 
and Ry.e responses for the two groups on the 
first trial-and-error learning trial. Group D 
gave 38 R,.y and 7 Re. responses on this trial, 
and Group M gave 39 R.s and 6 Rw-c responses. 
The chi-square value for the distribution of 
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gol  =—= GROUP M IN*45I 
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= 

p: 

= 

ti 

d 

S 
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= 
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TRIALS 


-and-error learning curves (per 
uted (Group D) and massed 
for a special group of 


Fic. 1. Simple trial 
cent Rie) for distrib 
(Group M) learning trials and 
“low learners” in Group D 


responses obtained is .09, which has a proba- 
bility of between 70 and .80 of being exceeded 
in random samples drawn from the same uni- 


verse of subjects. 


Rate of Learning Rw-o 
These data are presented in Figure 1 where 


rate of learning R sented in terms of 
the percentage of Ss making the Rye (rein- 


forced) response. 
represents the me: 
first five tria € 
the next five tria . 
learners” were the 

gave the fewest Ru-c 
and-error learn 
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The data presented in Figure 1 should be 
considered (and will be discussed) from two 
points of view: first, the relative rates of learn- 
ing the Ry.. response when the learning trials 
are massed and when they are distributed; 
second, the general shape of the learning curve. 


Number of Alternation Cycles 


An alternation cycle is defined as two con- 
secutive response phases. One response of a 
particular kind, either R,- or Re- Or more 


Rer 
Rue PHASE| 


P 
SEALTER, CYCLE 
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the end of the learning trials. The mean num- 
ber of cycles given by these Ss was 11.3. The 
values for each alternation cycle and response 
phase are the mean values for these Ss, whose 
responses have been divided proportionately 
into 11 cycles. The corresponding data for 
Group M were derived from the records of 
42 Ss which completed 7 or more cycles. The 
mean number of alternation cycles for the 
Ss included was 16.0, so each record was di- 
vided into 16 proportional parts. 


GP 8 9 
VINCENT CYCLES 


Fic. 2. Mean number of res 
; N sponses per R,- d 
trials learning (D) and massed trials kaning, (at) x 


than one consecutive response of the same 
kind constitutes a response phase. For Group 
D the mean number of alternation cycles for 
45 Ss was 10.0 (SD 4.0). For Group M the 
mean number of alternation cycles for 45 Ss 
was 15.2 (SD 5.1). The value of ¢ for the dif- 
ference between the means was 5.2. The value 
of ¢ required for a difference to be considered 
statistically significant at the .01 level of con- 
fidence is 2.6. 


Relative Length of Re-t and Rw-o Response Phases 


The length of R,-; and Rw-e response phases 
as a function of the number of alternation 
cycles is shown in Figure 2. Response phases 
and alternation cycles for Group D are based 
on the records of 38 Ss (out of 45 in this group) 
which completed 6 or more alternation cycles, 
including the cycle which was terminated by 


-e response phase and per alternation cycle for distributed 
subjects 


The length of alternation cycles as a functio” 
of the number of cycles is also show? 
Figure 2. 


DISCUSSION 


The primary purpose of the present exper 
ment was to test certain hypotheses ye d 
upon Hull’s Principles of Behavior x 
formalized in the manuscript «plement 
Theory of Individual Behavior” (3)- int 
_ One hypothesis was that at any give? poe 
in the trial-and-error learning process short 5 
complete mastery the Ss learning in distribu” A 
trials would show a higher percentage ° a 
rect responses than would the Ss learniné 
massed trials. The principal theoretical Pig 
sideration leading to this conclusion is tH% g 
the case of massed learning trials there ? 


4 r 0° 
cumulative drive reduction as learning 
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Ci . 
Ee The motivation involved is, presum- 
fed lon re for the animals had not been 
——— r. prior to training. For each cor- 
: EE F (Rw-c) in trial-and-error learning 
ae 7 animals got a food reward. This 
sequent o reduce drive, so that even though 
A aa hs eae pellets are objectively equal 
increments ney: produce progressively smaller 
cutie T in habit strength. For Group D 
Voluntary — each pellet breaks an in- 
that for ine of 22-hr. duration. It is assumed 
Pellet afte imals in this group each reward 
Beater raed the first produces a relatively 
does for ae in habit strength than it 
ing of the oup M animals, hence faster learn- 
Satis aie response for Group D. 
ata from k lustrates the agreement of the 
mental h aie experiment with the experi- 
and-error te hesis. Although on the first trial- 
ea arning trial there is no significant 
tween Gr m percentage of R,.. responses be- 
he first oo D and Group M Ss, the mean of 
Superiorit hi learning trials shows a definite 
aaa Group D in percentage of Rw-c 
this superiority graph shows the continuity of 
egins to dis y for Group D, which superiority 
Proach a BERS only as both groups ap- 
~c tesponses, of approximately 90 per cent 
e 

alternation d hypothesis was that the number of 
group n cycles would be for thi 
À WOE SSi Feceivi greater or the 
arning al eiving massed trial-and-error 
thatibuted ai Hae for the group receiving 
erivation 2 ple crucial assumption in 
massed lear, s ypothesis is that in the 
nod Te (2 ning trials reactive inhibi- 
ibiti 4 gat with conditioned in- 

pha, 2 en i 
ty ih distributed bene Gites 
By little or no i active inhibition 
os Aei mportance; consequently, 
ticular ed to perseverate longer on a 


is 


le t 

3 meth of ere of response. This increases the 
nd prog, ponse Phases and alternation cycles 

Bive uces few i i 

$ er alternation cycles in a 


nu: : 
DE tria he of trials for the distributed learn- 
> eens The results obtained in the 
ar as the diene support this hypothesis in- 
Cay, cles for he in the number of alterna- 
bep t Satie toup M and Group D animals 
avi tributed to chance variations in 


Uy or 
ul or 
Verse samples chosen from the same 


of animals. 


The remaining hypotheses had to do with 
aspects of simple trial-and-error learning with- 
out special regard to the spacing of trials as a 
variable. On theoretical grounds it was ex- 
pected that the R,. response phase would be 
longer initially than the Rw. response phase 
but would gradually become shorter than the 
Ru-e response phase as learning progressed. In 
this learning situation the effective reaction 
potential, sEx (2), for the incorrect response is 
progressively decreased through nonreinforce- 
ment, and the effective reaction potential for 
the correct response is increased by reinforce- 
ment. The occurrence of one response or the 
other on a given trial is determined by the 
oscillation, sOr, of momentary effective reac- 
tion potential for each response. So long as the 
effective reaction potential for Rs. is greater 
than the reaction potential for Rw-c, probability 
favors a series of R.-s responses. As soon as the 
effective reaction potential for Rw-< becomes 
greater, probability favors a series of Rw.c re- 
sponses. Figure 2 illustrates the substantiation 
of the experimental hypothesis for both Groups 
M and D. 

A simple exte 
explains the nex 
when length of a 


nsion of the above reasoning 
t hypothesis, namely, that 
lternation cycle is plotted 
against number of cycles, the resulting curve 
should be U shaped. As the effective reaction 
potentials for R,-s and Rw-e approach equality, 
the probability of evoking either response on 
a given trial approaches 50. It is then un- 
likely that one will obtain a long series of either 
Ry-7 OF Ru-o responses. By definition it follows 
that if response phases are short, alternation 

hort also. The relative height 


must be s 
te If of the U-shaped curve is de- 


of the left ha i l 
the difference m habit strength 
pena Pa a, tset of trial-and-error 


for Rs-s and Ru-c at the outse! 
learning. When there 1s no difference, the curve 
is expected to show positive acceleration from 


nest experiment does not afford a 
clear-cut basis for evaluating the experimental 
hypothesis, although it may be stated that 
every alternation cycle until the ninth for each 
group was shorter than the initial cycle. The 

ressive lengthening of the alternation cy- 
e existence of a definite left 
ed curve is not obvious. Tn 
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line with the reasoning of the preceding para- 
graph, this can be attributed to a failure to 
produce sufficient difference in i the habit 
strengths for R.-, and Ry-c in preliminary train- 
ing. 
"The final hypothesis refers to the shape of 
the simple trial-and-error learning curve when 
per cent Ry-c is plotted against number of 
learning trials (Fig. 1). So long as the effective 
reaction potential for R,-s is greater than that 
for Ri-c, the learning curve should be positively 
accelerated (3). At the point where the effec- 
tive reaction potentials for the two responses 
are equal (indicated empirically by 50 per 
cent Ry-e response), the learning curve should 
shift to one of negative acceleration. For 
Groups D and M not enough of the learning 
curve below 50 per cent Ry. response was 
obtained in this experiment to permit an evalu- 
ation of this part of the learning curve. Even 
the 23 slowest learners in Group D, whose 
learning curve is plotted separately in Figure 
1, provide inadequate evidence for evaluating 
the hypothesis. Both this slow-learning group 
and Group D as a whole show the negative 
acceleration expected when the per cent Ry. 
is greater than 50. Data for Group M, however, 
appear ambiguous to the writer even on this 
part of the hypothesis. 


SUMMARY 


Ninety albino rats were given 45 food rein- 
forcements for response R,-; and 10 food rein- 
forcements for response Ry.< in a modified 
Skinner-Youtz apparatus. Following this the 
Ss were permitted to make either response, 
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but only Ry... was followed by food reward. 
These constituted the “simple trial-and-error 
learning” trials. For half the Ss the choices 
between R,., and R,,... were distributed at the 
rate of one trial per day. For the other half 
of the Ss the 100 trials occurred in a single 
experimental session. 

The results obtained indicate that: 

1. The correct response (Rw-c) is learned 
more rapidly in distributed trials than 1m 
massed trials. 

2. The number of shifts from one type of 
response to the other is significantly greater 
for massed than for distributed learning trials. 

3. Persistence in consecutive R,- responses 
is at first greater than, but becomes less than, 
persistence in consecutive Rw-¢ responses under 
both conditions of learning. 

4. Alternation cycles (two series of consect- 
tive responses) may either decrease or remain 
relatively constant in length in the early stages 
of learning, but definitely increase in leng 
in the latter stages. : 

The data obtained did not permit evaluation 
of the experimental hypothesis that the lear?” 
ing curve for the correct response woul 
sigmoid with a positive initial acceleration- 
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DISCRIMINATION LEARNING BY RHESUS MONKEYS TO 
VISUAL-EXPLORATION MOTIVATION? 


ROBERT A. BUTLER 


University of Wisconsin 


E . 
of a S conducted at the University 
Mikes 4, rimate Laboratory have demon- 
inc: kas rhesus monkeys learn the solu- 
tive then ~ anical puzzles to no other incen- 
of the Winks Coe by the manipulation 
manipulator evices (4, 1, 2) and that these 
longed repe j responses will persist during pro- 
keys toca testing (3). Recently, mon- 
special en trained without food or other 
erentiall ri to discriminate between dif- 
Manipulation. p sets of screw eyes (5). A 
Motivational on has been postulated as the 
ie asis for this type of behavior, 
is “one of a its that manipulation drive 
Gp. 293), ss of externally elicited drives” 
e r 
he cane experiments were designed to 
ted ier a of another kind of externally 
Monkeys both, 2 that of visual exploration. 
Situations c in their home cages and in test 
jects an ontinually follow movements of ob- 
Persistent] peple in their field of vision and 
wo p A explore their environment visually. 
ducted to e e experiments were con- 
avior, Ex vestigate visually motivated be- 
Measure Je ig I, designed primarily to 
F eng involved testing three mon- 
S28 on a a a day (an hour or less) for 20 
Neentive or discrimination, with no other 
Perim, m a ed than visual exploration. Ex- 
E Persistence ron primarily to test strength 
ing two rae visual motivation, involved 
ler visual. eys 4 hr. a day for 5 days 
exploration incentive. 


Subjects METHOD 


Tee rhe 

as Ss a monkeys, no. 156, 159, and 167, 

2 and Wie I, and two rhesus monkeys, 
» Served as Ss in Experiment II. All 


Th 
ese re 
SC 
e Uni arches were supported in part by a grant 


~ Divers; 4 
mission Ca, of Wisconsin from the Atomic Energy 
fung Search pk No. AT(11-1)-64 and in part by 
Foun, Supplie pee ee of the Graduate School fron? 

dation, y the Wisconsin Alumni Research 
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animals were adult and had had very extensive previous 
training on food-rewarded learning problems. Numbers 
156, 159, 102, and 147 had been Ss in manipulation- 


drive studies. 


Apparatus 

During testing the monkeys were housed in a wire 
cage 27 by 17 by 26 in. Over this cage E placed a box 
with front and top made of pressed wood and three 
sides covered by heavy black cloth. A 25-w. lamp was 
fastened on the roof of the box to provide illumination 
within, Two doors measuring 3°4 by 4 in. were fastened, 
flush, to the front of the box, with their bases 12 in. 
above the floor and 5 in. apart, center to center. Each 
door could be locked by a wooden pin, and each locking 
device contained a leaf switch connected to a 6-v. 
battery. When the door was pushed, contact was made 
with the locking device and an electric circuit was com- 
pleted, illuminating a small signal light mounted on 
the front of the apparatus. Transparent Lucite plates 
3 in. by 3 in. were mounted on the inside face of each 
door so as to permit differentially colored stimulus 
cards to be inserted between the Lucite plate and the 
door. An opaque screen, which could be raised or lowered 
by E, separated S from the stimulus cards, The appara- 
tus stood on a table in the entrance room of the Wis- 
consin primate laboratory. The temperature in the 
test room ranged from 70° to 80°F. The temperature 
within the test box increa: 


sed 6° to 7°F. above room 
temperature during the 4-hr. test sessions. 


Procedure 


Preliminary train 
both doors, with nei 


ining. During preliminary training 
ther holding a stimulus card, were 
closed, and one of the doors was always left unlocked, 
the position of the unlocked door on successive trials 
being determined by a sequence balanced for positional 
frequency- The E jnitiated each trial by raising the 
opaque screen and exposing the doors to the animal. 
If the monkey pushed against and opened the unlocked 
t was permitted 30 sec. to view, the surroundings. 
lowered the screen, ending the trial. If it 
locked door, S was allowed 5 min. 
t the end of this time the door 
., the screen then lowered, 
‘The intertrial period was al- 


ing. In Experiment I the Ss were 

mination, blue being the 
PA + 159 and 167, and yellow 
tive stimulus , and y 

fe a tive stimulus for monkey 156. The position of 

the positive and negative cards followed a predeter- 


mined balanced order. 


rain 


tested on a yellow-blue discri 


96 


The animals were placed in the apparatus for 5 min. 
each day before testing began. The E initiated each 
trial by raising the opaque screen, exposing the stimu- 
lus cards. If S pushed open the door containing the 
positive stimulus, it was allowed 30 sec. of visual ex- 
ploration before the screen was lowered. If S pushed 
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i Fic. 2. Response latencies to visual-exploration 
incentives 


2 4 6 8 


against the door with the negative card, the door 
engaged the locking device, illuminating the signal 
light, and the screen was immediately lowered. The 
intertrial interval was always 30 sec., during which 
the stimulus cards were either rearranged or removed 
and returned to their previous position. A noncorrection 
technique was used throughout. Each animal received 
20 tilals a day, 5 days a week, for a total of 20 days. 
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The time of the day for testing was not held constant. 
The response measures recorded were errors and re- 
sponse latencies, defined as time between E's raising 
the screen and S’s responding to a door. The testing 
procedures for Experiment II were the same as those 
described for Experiment I except that the Ss were 
tested continuously 4 hr. a day for five days with a 
day’s rest between days 3 and 4 only. The blue card 
was positive for monkey 102 and the yellow card posi- 
tive for monkey 147. 

During both experiments people were frequently in 
the test room for a part of each session. When S opene: 
the door, E, after recording the data for the trial, 
usually walked around the room, opened cabinets, oF 
stepped outside the building within the 30-sec. period. 
Thus, the animals ordinarily were provided with 2 
diversified environment in which several activities 
occurred and which offered auditory as well as visual 


100 
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PER CENT CORRECT RESPONSES 


iracs4 Sueur ea 9 0) 
BLOCKS OF 100 TRIALS 


__ Fic. 3. Discrimination learning to visual-exp] 
incentives 


oratio? 


P : 5 
stimulation. Care was taken to prevent the monk. 


from seeing either food or other aonkeys during 
test sessions. 


3 RESULTS 
Experiment I 


The mean percentage of correct response’ 
made by the three monkeys is shown in FI i 
1 and clearly demonstrates learning. ““” 3 5 
156, 159, and 167 attained 17 correct response 
in 20 trials (performance significantly ae 
than chance at the .01 confidence level) of 
days 7, 10, and 12, respectively, and Hg 
E easa exceeded this level on 11, 7, 2” 
succeeding days, respectively. y 

_ Figure 2 shows on tog response ate 
cles made by the three monkeys 02 * 156 
test days. Response latencies for animal 
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pote during learning and then drop to, and 

oa maintained at, a low level. Similar results 

aot k greater interday variability are ob- 

a r animal 159. Response latencies for 

TA 67 increase during the second half of 
experiment. 


Experiment IT 


pre j individual _ discrimination-learning 
cae = the two Ss of the second experiment 
aie ted in Figure 3. Number 102 attains 
Ry TF maintains almost perfect performance; 

s performs consistently during the last 
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QUARTER PERIODS OF TOTAL TRIALS 


Fic. 
- 4. Response latencies within test periods 


600 tri 
c a at a level significantly better than 
- Ay .01 confidence level. 
cies withi shows the mean log response laten- 
b: each in test periods. The total trials made 
fourths ae ma each day were divided into 
for all S total daily trials and then averaged 
animals y days. These data show that the 
and rapi eee at a relatively constant 
Sions, h Tate throughout the 4-hr. test ses- 
i <a of Figure 5 give no indication 
Course of mig response latencies during the 
latencies f e five days of testing. The response 
l or monkey 147 actually are at their 


Wi 
est on days 4 and 5. 


adding 
tiong 
l Performance Measures 


Alth 
Shaki ough records of vocalization and cage- 
SYste 8 had not been planned and were not 


matically made, the Hs were impressed ° 


yin 


by the extreme paucity of vocalizations. The 
monkeys appeared to be quieter in the test 
situation than in their home cages or standard 
laboratory test rooms. Only monkeys 147 and 
167 shook their cages, 167 infrequently, 147 
more often. Cage-shaking was certainly no 
more frequent than in the home situation. 
Monkey 147 was a mature and unusually large, 
violent, aggressive male. 

Defecation was not frequent in any animal 
except no. 159, and amount of defecation, 
commonly and appropriately accepted as a 
measure of emotionality in monkeys, tended 
to decrease during the course of the experiment 


RHESUS 102 0—° 
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MEAN LOG LATENCY (SEC,) 


DAYS 
Fic. 5. Response latencies as a function of days 


DISCUSSION J 
These experiments demonstrate beyond 


question that monkeys can learn object dis- 
criminations and maintain their performance 
at a high level of efficiency with visual-explora- 
tion reward. 

The persistenc 


tives throughout 


e of yvisual-exploratory mo- 
Jong daily test sessions and 
throughout series of daily test sessions also 
testifies to the importance, strength, and per- 
sistence of these motives elicited by external 
stimuli. Monkeys 156 and 159 show little or 
no decrease in motivational strength as indi- 
cated by response latency measures through- 
out 20 days of testing in Experiment I (see 
Fig. 2). Similarly, monkeys 102 and 147 show 
no decrease in motivational strength either dur- 
ing test days (see Fig. 4) or on successive test 
days (see Fig. 5) in Experiment I. 

The efficient maintenance of visual-explora- 
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tion motivational strength in these animals 
argues strongly against any explanation in 
terms of secondary reinforcement, for second- 
order conditioned responses not based on un- 
conditioned pain responses tend to extinguish 
rapidly. The lack of evidence of disturbed 
behavior—either somatic responses of vocaliza- 
tion or violence, or visceral responses of def- 
ecation—would appear to render any expla- 
nation of this behavior in terms of anxiety 
improbable unless one wishes to define anxiety 
in terms of any and all conditions of depriva- 
tion. 

The most obvious and acceptable explana- 
tion for the observed performances of the mon- 
keys lies in the hypothesis that monkeys— 
and presumably all primates—have a strong 
motive toward visual exploration of their en- 
vironment and that learning may be estab- 
lished on the basis of this motive just as it 
may be established on the basis of any motive 
that regularly and reliably elicits responses. 


CONCLUSIONS 


i 1. Five rhesus monkeys learned a discrimina- 
tion problem on the basis of a visual-explora- 
tion incentive. 


2. Efficient performance was maintained dur- 
ing the long daily sessions and throughout & 
series of daily sessions with little or no evi- 
dence of satiation. 

3. A visual-exploration motive is hypothe- 
sized on the basis of the obtained data, and it 
is suggested that this motive is strong, Pet 
sistent, and not derived from, or conditione 
upon, other motivational or drive states. 
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DISCRIMINATION LEARNING SET IN CHIMPANZEES? 
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by ade of learning sets, as introduced 
bilities tov ` 2), appears to offer new possi- 
intelligence ne Investigation of comparative 
Daes oh » especially among the higher pri- 
the si : “kd tests can be used in essentially 
meio vse without overtaxing the sensory 
ak een of any species. Although 
eee, give a rough indication of the 
it will oti x position on the learning-set scale, 
Siman ane e definitive. Precise comparison 
a denat Pa an monkey must await a more 
instance T erstanding of learning sets. For 
A a Nal must know more about the rela- 
the tai various training methods, and 
Pre-expetie ip of set development to age and 
Vestigation potil experience. The present in- 
of this type as been concerned with problems 
eventual ees well as with approaching an 
es comparison. 


g METHOD 
Subjects 


Eight ch; 
to 2 ey impanzees, ranging in age from 15 months 
Prior experi Were used in this work. None of them had 
pation problem, with more than a few visual-discrimi- 
uman lone. h One, Viki, had spent her life in a 
b age, were al ix human children, from 2 to 7 years 
© given in conne, used. Individual ages of all Ss will 
Connection with the results. 


Ge 
Neral Procedure 


Our me 
by Raon oo have been much like those described 
sa ive ins have differed in several ways which 
cake inthe uenced the results. Our chimpanzees 
ass. They da loor sections of their regular living 
ce Taneous Pee ee seem to be seriously distracted by 
Bes are mad uli in this familiar environment. The 
Teacheq t J of coarse wire mesh, through which the 
rds, © displace the test objects and take the 
Cony, tes 
“onveniencs opiati was mounted on wheels, for 
Vert Ontally ida from cage to cage. It contained 
to cally sliding ing tray with two food wells, and a 
Way eal the fn opaque screen, which was lowered 
Y vision a tay between trials. There was no one- 
> een, but the opaque screen was normally 


his ; 
Investigati p 
Sap. the A; gation has been assisted by grants 
Mue] aie Society and the 
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raised so slightly that the subject could see very little 
of E while making a choice. 

To increase the probability that S would look at 
both objects before displacing one, the tray was held 
in the half-forward position for several seconds at the 
beginning of each trial. It was then advanced to within 
S’s reach. 

On the assumption that it might facilitate insight 
into the nature of the problems, and minimize errors 
due to exploratory tendencies, our Ss were allowed to 
displace both objects, successively, on each trial. 
When the initial choice was incorrect, a delay of ap- 
proximately 5 sec. was imposed before correction, by 
withdrawing the tray just out of reach. (When the first 
choice was correct, the remaining object was seldom 
displaced, except early in training.) 

Appropriate modifications of this procedure were 
used with the human children and the home-raised 
chimpanzee, Viki. 

About 600 test objects were available. Most of them 
were made up of various combinations of wood, metal, 
plastic, cloth, paper; and assorted hardware, often 
with colored lacquer added. Chey were arranged in 
pairs by selection of two objects differing markedly 
in several visual characteristics. One of the pair was 
designated correct by the toss of a coin, and the pairs 
were arranged in series at random. Toward the end of 
the experiment, if additional pairs were needed, pre- 
viously used objects were grouped in new pairs and 
re-used. 

The early and late phases of training differed with 
respect to details of procedure and handling of data, 


and will be discussed separately. 


EARLY PART OF SET DEVELOPMENT 

ve tentatively assumed that learn- 
ing set isa function of the number of problems learned, 
in which case a problem would be wasted if it were 
dropped before it was learned, and trials would be 
wasted if training were continued beyond mastery. 
With most of our Ss, therefore, the early problems 
were run to a criterion—five successive correct choices 
if preceded by less than ten trials; ten successive correct 
if preceded by ten or more. Two chimpanzees, Vera and 
Hank, were started at fixed rates of two and ten trials 


per problem, respectively. 

Results. Figure 1 shows the results of this 
training, for individual subjects. Except in 
Hank’s case, progress 15 plotted in terms of 
errors after the first trial, as a function of the 
number of problems solved. This seems to us 
the most appropriate type of curve for the 
early stages of set training, where learing 
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second. trial, and scolded the experimenter 
again for continuing to bait the “wrong” ob- 
ject. 

“D” (4 yr., IQ 136) also complained when 
her a priori hypothesis proved incorrect, but 
she readily altered the hypothesis to fit the 
facts. After about 80 problems, she suddenly 
remarked that the first trial was just a guess, 
and that it was only on the second trial that 
she could really know which object was cor- 
rect. Her first choices were made slowly and 
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Fic. 3. Learning- 
Braun’s monkeys are b; 
panzees. 


carefully before this point, but much more 
quickly afterward. 


“F” (7 yr.) stated this same princip! i 
eighth problem. enn 


DISCUSSION 


Stages of set acquisition. Although we have 
divided our presentation into early and late 
phases largely for convenience in exposition 
the data suggest a more basic justification for 
this division. Figure 2 shows that our subjects 
made rapid progress until their second-trial 
accuracy was about 70 to 80 per cent, but that 
additional training produced much smaller 
gains per problem. The curves of Figure 34 
show a similar change in slope. The existence 
of two different rates of progress suggests that 
two different learning processes may be in- 
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volved. This suggestion is supported by a lack 
of correlation between the rates of early and 
late progress (compare Frans and Bokar in 
Fig. 1 and 2); and by the verbal reports of the 
human Ss. 

Venturing a crude and tentative interpreta- 
tion, we would suggest that the early phase 
(during which learning time is quickly re 
duced to a few trials) may involve primarily 
the abstraction of general principles, such as: 
(a) One object is always baited. (b) One object 


BRAUN'S 
MONKEYS 


HARLOW'S 
MONKEYS 


o 1000 2000 3000 4000 


TOTAL TRIALS OF TRAINING 


set development as a function of i aani 
i problems (4) and trials (B). The curves for Harlow $ a 
ased on data given by Harlow (3). Kathy’s curve is included as representative of our CHS 


is always unbaited. (c) The baited object ae 
be in either position. (d) The same ° ig 
continues to be baited throughout the proble 
The later phase (during which second-t" 
accuracy slowly increases beyond abou n 
per cent) may involve primarily improve g 
in such skills or work habits as (a) look 
carefully before choosing; (b) noting cheri 
teristics in which the two objects differ mt ed 
edly; and (c) remembering what was ee 
on the first trial. jth 
Early training methods. Our results snl 
Hank and Vera suggest that early ae 
with a small, constant number of trials im 
Problem is quite inefficient. This is preven 
ably due to the large proportion of prob ed: 
Which are dropped before they are lear js 
Harlow avoided this difficulty by running 
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ome Problems fora large, constant number of 
ES Reed all of his problems were mas- 
oa i ge 50 trials allowed. This schedule 
Figure Ey) 3 b oo per problem, as shown in 
af toss moe It was quite inefficient in terms 
No teal med trials, as shown in Figure 3B. 
dat oe sc edule of training can insure that 
ake are will be run long enough to be 
of itil a not long enough to be wasteful 
to run all ei to criterion is the only way 
o ie ems long enough but no longer. 
shortest is trials, It is desirable to use the 
gree of ee that has a reasonable 
not be hi . Istical significance—which need 
and no T since many problems are used, 
tance, gte one of them is of crucial impor- 

Ex sa 
ione, a eiin methods. The above considera- 
development apply to the later stages of set 
are Bains cane practically all problems 
number of ‘a the first few trials. A fixed 
at this Doni 1als per problem is appropriate 
Ich rates i and data are available for several 
rial ieee Sure 34 shows that when second- 
Bain per mo i around 80 to 90 per cent, the 
Problems $ em Is much the same, whether 
eys), thre € run for six trials (Harlow’s mon- 
trials (our as (Braun’s monkeys), or two 
ave the impanzee, Kathy). The lower rates 
Bains pe Practical advantage of giving greater 

a a trial, as shown in Figure 3B 
8 Our chi r 

Pacity toato mpanzee data suggest that ca- 
with age _— learning set does not increase 
Comes 8 ter the point where training be- 
Well as 96. Ctical. Two-year-old Kathy did as 
(Ri. 2 oe Bokar on the early problems 
ig. 2), much better on the later ones 


he 

deve, aes children, however, appear to 
bee tough AT „more rapidly at later ages. 
B ascribed n Species difference could perhaps 
E We © a difference in maturation pat- 
pent ame to explain it in environmental 
le lence kaa child’s background of ex- 
to ting a the development of informal 
i the a „Which can readily be transferred 

at the p mental situation. We had hoped 


fo ir ; 
wheRately, at evidence on this point but, un- 
iq > She was tested before the age at 


di u F 
Splay man children may be depended on to. 


Te- i 
experimental sets. 


Language. Comparative psychologists fre- 
quently attribute the superior ability of hu- 
man learners to their possession of language. 
In the present experiment, it might be assumed 
that human Ss would derive advantage from 
being able to name the test objects—names 
presumably being easier to deal with than 
whatever “central representative processes” 
might otherwise be used. 

Our human Ss did, indeed, name many of 
the objects, but there was no indication that 
this helped them to learn either the individual 
problems, or the general principles of the ex- 
periment. “C,” who was very talkative, often 
continued to make errors after naming the 
objects; but during one problem, which she 
solved very quickly, she reported: “I know 
it’s right, but I don’t know what it is.” 

The introspective reports of some of our 
colleagues, who have served as Ss in more com- 
plicated object-discrimination problems, sug- 
gest that visual imagery may be more useful 
than language in such tasks, even for Ss with 
a very high degree of language facility. 

Species comparison. The data available sug- 
gest that when pre-experimental experience is 
equated, man, chimpanzee, and thesus monkey 
differ very little in their ability to acquire sets 
for object-discrimination learning. It may well 
develop that the means of large groups will 
differ significantly, but it seems fairly certain 
that all three groups will overlap. On early 
training (Fig. 1), Harlow’s monkey did about 
as well as our slowest human child, “B. On 
later training, the average curve for Harlow’s 
six monkeys (Fig. 3A) indicates faster progress 
than the curves for three of our human children 


(Fig. 2). 
SUMMARY 
ere given extensive train- 
in vi - sct-discrimination learning. 
inc in visual-, object-discrimina 
The course of their acquisition of learning 
sets is described. Results of supplementary 
work with three additional chimpanzees and 
six human children are also presented. 
Analysis of the data from this and other 
studies leads to the suggestion that learning-set 
development may be meaningfully divided into 
ualitatively different early and late phases. 
$ A learning set may be developed most effi- 
ciently by training to criterion on early piob- 


Five chimpanzees W 
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lems, and by running later problems fora small, 
constant number of trials. 

Age, per se, does not appear to be a factor 
in speed of set acquisition. Species comparisons 
should be made in terms of individuals with 
similar pre-experimental experience. 

Man, chimpanzee, and monkey probably dif- 
fer little in their abilities to acquire learning 
sets of this type. 
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One i 

—_ g scat most unique characteristics of 
utilizes large ai is the extent to which it 
concurrenth ame of arbitrary associations 
interference A espite the possibilities of mutual 

o ae them. Language provides 
man’s aide sa example of this feature, but 
Beneral use of way of life involves much more 
Capacity.” Thi a large “information-handling 
little ll ae gre of behavior has received 
it ome rom comparative psychologists. 
Information y Pitan: that the amount of 
hism of a “wi ich can be stored in a mecha- 
size of tha ea type would be limited by the 
brain has ab €chanism. Since the chimpanzee’s 
its capacit pa one-third the mass of man’s, 
tention) se or concurrent learning (and re- 
Inference i well be smaller. This is only an 
ties of lab owever, since the associative abili- 
been teste aoe primates have commonly 
items, y in terms of isolated, individual 
. Actual m 


ity, in tr2surement of information capac- 


and A sense, is presumably impossible; 
Wel e limit E of an approximation might 
he 55 life ed by such practical matters as 
channels ie and the nature of the sensory 
ee which information can be 
assume = Owever, it is not unreasonable 
À ecies wo TE, the ultimate capacity of a 
padle a 3 be reflected in its ability to 
imiteq ap amount of information, of 
Present SRA in a short period of time. The 
tion, an d estigation was based on this assump- 
Benta e designed to explore the experi- 
NG the Pines of concurrent learning, us- 
Ject-discrimination technique. Í 
Oe. k METHOD 
accently ger PAL Ss were six chimpanzees that had 
the D and had ae study of discrimination learning 
lems = ing of dean, a high level of proficiency in 
era] .“*Cept for th idual object-discrimination prob- 
e differences noted below, our gen- 


Pro 
Cedi Cedu; 
ing study. Was the same as that used in the pre- 


l 
the This investigati 
Samu Rae a has been assisted by grants from 
el S. Fels ae Society and from the 


Concurrent discrimination procedure. In this experi- 
ment, a problem involved not one pair of objects, but 
5, 10, or 20 pairs. A trial consisted of the presentation 
of all the pairs in a given problem, in succession. One 
trial followed another immediately, with no break in 
procedure, the beginning of the second trial being dis- 
tinguished from the end of the first only by the reap- 
pearance of an old pair of objects. The order of pres- 
entation of pairs within a problem was ordinarily held 
constant from trial to trial; however, this was merely 
a matter of convenience, for the serial position of a 
pair provides no cue to correct choice. (We have oc- 
casionally scrambled the order on successive trials, 
without affecting the S’s performance.) 

Five-pair problems were Tun for 5 trials; 10- and 
20-pair problems were run for 3 trials. Subjects were 
given one problem at a session, which thus involved 
25, 30, or 60 choices. From 25 to 60 of these multipair 

roblems were used with various Ss. In general, the 
shorter problems were used first and the longer ones 
last, but there were numerous exceptions to this order. 

‘Although our purpose was to vary only the number 
of concurrent associations being learned in the three 
sizes of problem, our procedure introduced a related 
variation in the time interval between successive 
presentations of a given pair of objects. This interval 
ranged from about 90 sec. for 5-pair problems to ap- 
proximately 6 min. for 20-pair problems. We have some 
data which indicate that trial spacing of this order has 

the learning of single-pair problems, 
that this factor is not 


objects (1) plus 100 more of the same general type. 
No two of them were enough alike to be difficult to 
distinguish when the same time, but there were 
many similarities which provided possibilities for con- 
i ory, Because more than 

five hundred pairs of objects were used with some 
Ss, it was often necessary to recombine previously used 
objects into new pairs, an 
tests have indicated that su 
effect on performance. 4 nik 
Our procedure will be recognized as very similar 
to that referred to by Riopelle et al. (2) as serial 
» (We have not adopted this terminology 
i essentially incidental feature 
and because it has occasionally been 
learning and to the multiunit dis- 


applied to my ften used with rats.) 


crimination apparatus ©! 


dicates that an intertrial delay of 
60 sec. may able reduction in second- 
trial accurac _ Jt would have been better, therefore, 
to have kept the time interval constant in the present 
study. 
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Fic. 1. Concurrent discrimination learning curves for the last 50 single- 


ten-pair problems, and the last 5 twenty-pair problems 
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Fic. 2. Second-trial accuracy as a function of problem 
size. Individual subjects are indicated by their initials. 
Their ages, in years, were: Viki 414, Frans 6, Kathy 
24%, Don 17, Hank 7, Bokar 26. 


wand 
pair problems, the last 10 five-pair ® 


RESULTS EET: 
Figure 1 shows how problems consisting ed 
1, 5, 10, and 20 pairs of objects were 5° ing’ 
by four Ss toward the end of their se oi 
(The data for single-pair problems are i 7 
an earlier investigation [1].) The relative pets 
culty of problems containing various jun jid- 
of pairs is shown in Figure 2, in terms of sec 
trial accuracy. < prê 2 
Our data do not provide a clear pict his 
the development of a learning set a ovf 
kind of work—largely, no doubt, begu 
procedure was not designed for that pu ent 
There was some indication of imprOV" put 
during early training on 5-pair problems: aod 
much less during later 10-pair problem® 
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non i i 
lene the 20-pair work. The superior 
“Tlormance of the home-raised chimpanzee, 


Viki, m s 
ing eS be due to a pre-experimental learn- 


SUPPLEMENTARY WORK WITH 
NAIVE CHIMPANZEES 


D 

Bide. yr.) and Dag (7 yr.) were each 
ing S ten-pair problems without hav- 
criminatio sly been trained on single-pair dis- 
criterion i problems were run to a 
temas. wo successive errorless trials (20 
attained tine ie choices). The criterion was 
earning sie Pi 10 to 14 trials. An average 
would reach F or the total of four problems 
E nen e 80 per cent level at about trial 
from that ot ormance is not greatly different 
Probleme naive chimpanzees on single-pair 

Alt a 
extend oth taining on each of these problems 
ittle evide r three or four days, there was 
nce of forgetting between sessions. 


DISCUSSION 


It is 
ber of apparent from Figure 1 that the num- 


i retain gestion solutions a chimpanzee 
amount of at aneously is a function of the 
limiteg toa raining given. Our problems were 
One could b maximum of 20 pairs so that each 
Single w aig completed (if not mastered) in a 
alive Sg pe However, since our two 
uld a Wed little intersession forgetting, 
Problems = pes be quite practical to use 
Er Sessi r more pairs, with one trial 
Figures Lando trapolation of the curves of 
wight e le 2 suggests that a 50-pair problem 
Omethin arned to the 90 per cent level in 
Performa, n the order of 20 trials. 
i Oubtedly hen concurrent problems would 
for “anda fas function of the type of dis- 
sti tance, a In, Tn the case of spectral hues, 
muli at imited number of discriminable 
the 8 many Ty emo, and the interference 
rege Ptesent ised a would be extreme. In 
quit ble another ent, one test object might 
A e closely ‘ One in the same problem 
lise , but tn color (or size, form, texture, 
in ai St pote simultaneous simi- 
Te CONfiguration, characteristics, nor in the 


mM; - 
S unlikely that the sensory acuity of 


our Ss was overtaxed by these objects, but 
their perceptual organization may have been. 
An S that learned only that the baited object 
was red might be confused on encountering 
another red (but unbaited) object, before the 
reappearance of the first one. This would be 
much less troublesome for an S that learned 
these objects as a large, rectangular, red one, 
and a small, round, red one. If the objects 
could be perceived as a brick and a rubber 
ball, there would be very little basis for inter- 
ference. Utilization of this last type of per- 
ception may have been responsible for the 
superior performance of Viki, our home-raised 
chimpanzee. After four and one-half years in 
a human environment, she was quite familiar 
with many of the things used as test objects, 
or with the parts and materials of which they 
were made. 

Figure 2 shows that our Ss tended to main- 
tain the same rank order in concurrent learn- 
ing as they had previously attained in the 
Jearning of individual pairs. This suggests that 
concurrent discrimination learning may be 
thought of as demanding a higher degree of 
the same basic skills or abilities as are involved 
in simple discrimination learning. In the latter 
case, an object need be learned only well enough 
to distinguish it from the other member of the 
pair; in the former case, it must be distin- 
guished from all the other objects in the multi- 
pair problem. Both cases are subject to pro- 
active inhibition from the preceding problems, 
but concurrent learning is subject, in addition, 
to retroactive inhibition within each problem. 


SUMMARY 
es were trained on discrimination 
hich 5, 10, or 20 pairs of stimulus 
resented in rotation. Accuracy 
cent was attained on the 
f the 20-pair problems. 


g 
Chimpanze 
problems in w. 
objects were p 
as high as 80 per 
third presentation 0 
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TRANSFER SUPPRESSION AND LEARNING SETS! 


ARTHUR J. RIOPELLE 


Emory University 


Progressive interproblem improvement in 
learning has recently been described by Harlow 
(3), using normal monkeys, brain-injured 
monkeys, and children. In the early stages of 
learning the percentage of correct responses on 
the second trials of a series of discrimination 
problems for normal monkeys was scarcely 
better than chance, but after they had at- 
tempted many such problems, the Ss achieved 
more than 95 per cent correct responses on the 
second trials of these problems. This learning- 
to-learn was called the formation of learning 
sets. 

Conceptualizations of these complex phe- 
nomena might well proceed along one or more 
of the following lines: 

The supporting-habits theory. This point of 
view postulates that discrimination itself is 
basically very rapid or immediate but that 
successful performance in a particular ap- 
paratus depends in part upon the acquisition 
of certain supporting habits which are learned 
more slowly. Requisite orientational and emo- 
tional learning might be of this type. 

The irrelevant-habits theory. This viewpoint 
similarly assumes rapid or immediate discrim- 
ination, but that proficient performance is 
not revealed until after the elimination of 
incompatible responses intrinsic to the test 
situation. Harlow (4) has analyzed a variety 
of such responses including perseveration, dif- 
ferential cue, response shift, and position- 
habit errors. This approach is related to the 
supporting-habits approach in minimizing the 
significance of the actual stimulus charac- 
teristics or interference between sequences of 
stimulus objects. 

The transfer theory. This point of view im- 
plies that intraproblem discrimination is ac- 
quired slowly unless the responses to stimulus 
aspects of a given problem have been dif- 
ferentiated through experience with similar 


1 This investigation was supported in part by a re- 
search grant (MH-359) from the National Institute of 
Mcatal Health of the National Institutes of Health, 
Public Health Service. 


stimulus aspects of previous problems. The 
recent demonstrations by Lawrence (7; 8) of 
the “acquired distinctiveness of cues” might 
serve as a basis for an extensive exposition o 
this view. Hovland’s (6) reference to learning- 
set studies as “successive transfer studies, 
however, was not necessarily as restrictive 45 
this theory implies. sA 

The en tadepeniloen theory. We might 
further consider as a possible line of attack 
that the successive problems become more 
readily differentiated from each other an 
that responses to a particular problem RE 
tually are not transferred to succeeding preg 
lems, i.e., the successive problems become x 
dependent of each other. This theory and t h 
transfer theory both emphasize the importar 
of interproblem stimulus relations. They di 
as to the role that interproblem transfer play 
in determining proficiency of performance. a 

These possible approaches are not necer 
sarily exhaustive or mutually exclusiv t 
Neither are they direct descendants of P te 
ticular formal learning theories. They “ie 
however, potentially fruitful avenues for ™ 
formal theoretical excursions. to 

The specific aim of the investigation was o 
analyze the extent to which the responses 
a given pair of stimulus objects WOU te 
elicited by the same stimulus objects pore a 
again after a number of intervening proble of 
A progressive increase in the occurrenc® 
such responses would support the ran", 
theory, whereas a progressively n 
frequency would favor the stimulus- 
pendence theory. 


pe 


METHOD 
Experimental Design 


The experimental design is an extension of ition 
by Harlow, and it permits an analysis ode earn? 
factors intimately related to the formation o e 
sets and interproblem transfer. keys ge 

During the first day of testing the MOP* “plen 


5 e 
. presented with five six-trial discrimination P' or o 


t d 
After completion of the five problems, the he rew” 
fourth of these was presented again, bu 
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values oj Senne 

oe stimuli were reversed as in the discrimina- 

on each test day. oe _This sequence was repeated 

new discrimin ta animals were thus trained on five 
ation problems and one reversed problem. 


A total of 37 
378 
Presented in eee (315 new, 63 reversed) was 


Subjects 


Four a 

is A ed rhesus monkeys participated in 
test situation z d cy were tamed, accustomed to the 
Preliminary di nd trained to solve six rather difficult 
two thousand iscrimination problems requiring over 
that object ae for each animal. In view of the fact 
Mrelevant he on was randomized in these problems, 
Furthensgeosition habits should have been stabilized. 
een required iz atever supporting habits may have 
Problems sh, or successful performance on these 
time, ould have been well established by this 
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Nel, Taproblem learning for new and reversed problems at succe 
problems. 


Scrim; i z 
ination problems; right panel—reverse 


Ap 
Paratys and Procedure 


Ex 
vice s for 
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mino ; t n 
Appar r mechanical details the testing de- 


dupli Š 
( Picate of the Wisconsin General Test 


trag Fi 
act; e 
ing able gra: rt 18. 1). The caged monkey faced a re- 


a Tay i 
object food well y bearing two test objects, each cover- 


Py mutually different stimulus 
eS och are » Some were laboratory con- 
fa cra purchased, and the remainder 

a ee Pairing of the objects and 
With th ct member of each pair were 
Cn the tra aid of a table of random numbers. 
at 3 a i was pushed forward, the monkey 
the ment 5 Placing one of the test objects. Dis- 


» Of 
desi tO 


tray imal; eee object resulted in reward for 
Broce imediata incorrect choice, however, the 
Dpr Ur was al tely retracted. This noncorrection 

Op, always used. Screens were employed 


ely to ayoj 
avoid experimental artifacts. 
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RESULTS 
Transfer Suppression 


The curves in the left panel of Figure 1 
portray the change in the course of intra- 
problem learning through the series of 315 
new problems. In the beginning of the series, 
the intraproblem improvement is nearly linear, 
but later the improvement between the first 
and second trials is greater than all the re- 
maining improvement combined. This family 
of curves is similar to the curves presented by 
Harlow (3) and by Braun (1). 

Similar changes in the forms of the early 
and late intraproblem learning are found in 
the reversed-reward problems, as shown in 


ssive stages of the learning period. Left 


d discrimination 


ight panel of Figure 1. In the early part 
re tining program there is negligible 


i t between the first two trials and 
T an in the later trials. With 


ater im] rovement 
Peated experiences of comparable reversed 
problems, however, the location of the greatest 
increment in performance shifts forward until 
it eventually occurs between the first and 


ial, and this single-trial increment 
second trial, than all the increments of 


mes greater 
peat (ah added together. f 
Figure 2 presents the percentage 0 correct 
responses on 4 given trial of the new discrimi- 
nations in comparison with the corresponding 
trial of the reversed discriminations. Each <: 
the six graphs portrays the changes for a 
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given trial by blocks of seven days of testing. 
All points represent 140 choices for the new 
problems (seven days at five problems per 
day for four animals) and 28 choices for the 
reversed problems (seven days at one problem 
per day for four animals). 

Tt is seen from these graphs that during the 
early phases of the experiment the performance 
on the reversed problems was substantially 
poorer than performance at the same stage of 
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on the first trial of the reversed problems. The 
dashed line of the panel for trial 1 shows that 
during the first 35 days (while the animals 
continue to improve in learning the problems 
on the initial presentation) the transfer ef- 
fects increase slightly, and this results in a 
greater number of errors on the initial trials 
of the problems when they are presented & 
second time with reversed reward. After 35 
reversed problems, however, there is a de- 


100 


—— NEW PROBLEMS 
——-— REVERSED PROBLEMS 


TRIAL 6 


TRAINING PERIODS 


riods 


training of the new problems. During the 
course of the experiment, however, the dif- 
ferences in performance between the two classes 
of problems progressively diminished until 
eventually the trial 1 performances were 
similar and the performances on trials 2 to 6 
were substantially identical. 

This retardation in performance on the re- 
versed problems is a measure of the transfer 
effects from the animals’ previous experience 
wuh the particular stimulus objects, and this 
negative transfer effect is most clearly shown 


Fic. 2. Comparison of performance on specified trials for new and reversed problems at successive training pe 


crease in the transfer effects, which is Te 
flected in the rise of the first-trial performance 
on the reversed problems. This improve? 
approaches, but in no case surpasses, d 
cent. (A performance above 50 per cent woui 

indicate spontaneous reversal of the previous!Y 
presented discrimination problem.) Further 
more, the curves for trials 2 to 6 of the r 
versed problems do not reliably exce® 
for the new problems, thereby precluding ae 
delayed benefits of the previous experi" pe 
This decrease in the transfer effects during 3 
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later 
phas i 
itai of the experiment occurs despite 
ce mprovement in tl igi 5 

e he original learn- 

ntraprobl 
atin n lem learning at two 
sta 
Baa saan: in Figure 3. gt 
ne marked difference in new and 


Teversed 
a ony p ii menee during the first 
e two curves ee points separate 
amir ca right panel shows the 
me r the last 21 days of train- 
es are almost superimposa- 
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Related Factors 


Factors 
Problema volved in the Learning of Reversed 
Inin 
bi tal a 
“tween aram, Should transfer take place 
pe icy the reversed problems, 
iormanoes would exist between the 
is ated, same stimulus ob- 
=e elation rg so should the 
animal a were computed for 
seg he oa the number of correct 
ont oe problem and the 
an {Or the fir €sponses on the reversed 
234 tions Were st 21 days. The obtained 
omparable —.70, —.53, —.20, and 
Were eith, Correlations for the second 
"ening b er negative or near zero 
len a iier p ii The gradual reduction 
Ad learnin etween learning a new prob- 
8 an old, reversed problem led 


Cea tj 
Oe 
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er 
of 
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eTA 


to the interpretation of a suppression of 
transfer tendencies. Suppression of Previn 
learned material by the learning of an int 4 
vening task has usually been considered Sn 
terms of retroactive inhibition. One of ihe 
well-known results of studies of this she 
enon (9) is that, to a great extent, aeaee 
the amount of interpolated learning nantes 
the amount of retroactive inhibition. 

In the present experiment an evaluation of 
the effects of two amounts of interpolated 
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i on acquisition of reversed 


interpolated learning up! 
problems at three stages ©! 
percentage of correct respo 
problem, whereas Curve IV 
reversed, fourth problem. 


On each day the first or 


the fourth problem on that day was reintro- 
duced after the fifth problem, and the dif- 


ference in performance on these two kinds of 
ovides a measure of the effects of 
ounts of interpolated learning. 
ercentage of correct re- 
reversed problem as a function 
d for three stages of 
of performance on 
suggests that four 


problems suppress transfer more 
e interpolated problem. Of 


f training. Curve I indicates 
nses for reversal of first 
denotes acquisition of the 


learning is possible. 


continues, 
nhibitory effe 
practica 


cts decreases until 
lly identical. The 


the two ¢ 
rves reflects the 


upward slope of bi 
ing efficiency 


increas! 
problems are learned. 
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Factors Involved in Learning} Both New and 
Reversed Problems 


Rewarding the initial trial. One of the error 
factors analyzed by Harlow was the stimulus- 
perseveration error. Errors of this type were 
defined as “‘. . . the excess of consecutive errors 
following a first trial error beyond those which 
would be predicted from the obtained fre- 
quencies of all errors” (4, p- 28). In the analysis 
of those errors Harlow found that late in 
learning the number of errors on trial 2 was 
less than would be expected but that errors on 
“trial 3 and beyond were greater than expecta- 
tion, yet a trial 3 perseverative error by defini- 
tion depended on the occurrence offa trial 2 
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a correct first trial is followed by a correct 
response on trial 2. It is seen that for this 
curve, correct first trials are followed approxi- 
mately 70 per cent of the time by correct sec- 
ond trials. Regardless of the basis of these 
initial choices, they are, when correct, more 
likely than not to be followed by additional 
correct choices, and this likelihood remains 
constant despite an increasing percentage of 
correct responses on trial 2. The P— (+) curve 
gives the probability (X 100) that an incorrect 
initial choice is followed by a correct one. 
Unlike the P+ (+) curve, the P— (+) curve 
rises and eventually reaches above 90 per cent. 
The relative effects of rewarding the initial 
trial thus change with increasing amounts of 
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22-42 43-63 


DAYS 


“ Ee E ee oe the first trial of new and reversed problems at three 
percentage of correct responses on trial 2 following a rewarded selection on trial 1. The P— (+) 


stages of training. Curve 


curve indicates th i 
e percentage of correct responses on trial 2 following an incorrect choice on trial 1 


error. This peculiarity suggested to Harlow 
that other factors were operating. One such 
factor might depend upon the differential 
effects of rewarded and unrewarded initial 
trials, a differential effect such as that already 
observed by Moss and Harlow (10). It would 
be of interest to determine whether this pke- 
nomenon is altered by varying amounts of 
test experience. Furthermore, a comparison of 
such effects between the original and the re- 
versed problems might reveal added factors 
which accompany transfer suppression. 

The results of such an analysis averaged for 
21 days of testing are presented in Figure 5. 
Parallel analyses were performed for the new 
and for the old, reversed problems. The left- 
hand portion of this figure shows the results 
for the new problems. The curve labeled 
P-+ (+) shows the probability (X 100) that 


discrimination test experience. Not only does 
the magnitude of the difference change: Me 
direction changes as well. 

Identical comparisons for the reversed prob- 
lems are shown in the right panel of this figure: 
Broadly speaking, the same trends are 5°; 
Furthermore, the terminal values for reverse 
problems approximate those for new problems: 

Positional-response biases on initia trials 
The nature of positional biases on the fs 
trials of new problems has been analyze 
and the results of the analysis are present’ 
in Table 1. Inasmuch as five problems wert 
given each day, all values of the table E 
based on 105 choices. All but the three val 
nearest 50 per cent are significantly di ereng 
from chance at well beyond the .01 level A 
confidence. The position habits of three 0 
animals are pronounced. 
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Th 
ee of the results for the reversed 
a p eas in all cases in the same direc- 
ose presented in Table 1, but the 


depart; 
ures fro 
marked, m chance expectancy were less 


TABLE 1 
Numb 
er aad Percentage of Responses to Left Position 
n First Trial New Problems 


FIR: 
ST 21 DAYS | SECOND 21 DAYS | THIRD 21 DAYS 


ANDAL 
= | Ne: % No. | % No. | % 
RF-6 s 
RE? a 64.7 | 93 |88.6| 89 | 84.8 
RFS | 36 36.2 | 33 | 31.4] 41 | 39.0 
ri | 3 37.1 | 54 | 51.4] 50 | 47.6 
55.2 | 73 | 69.6] 75 | 71.4 


DISCUSSION 


_ The 3 
ane portion of the results showed that 
Pre-experi m transfer by animals with some 
fairly E test experience starts at a 
ecreases Sethe adage increases, and finally 
he animals ois l zero. Stated another way, as 
isctiminatio ceive increasing experience with 
On success: n test problems, the performances 
independent, problems become increasingly 
“Xperience - The release from the effects of 
aximal See previous problems produces 
even tho ciency in solving new problems, 
ugh the release itself develops from 


Xtensj 
ve e . š 
Problems, xperience with a great variety of 


Tt j 
s P 
Possible to relate these results to a 


Numb 

tits, Ro Phenomena studied in other con- 
dence of s example, the developing indepen- 
able pene problems may be attribut- 
#24. retroa cumulative effects of proactive 
5 Tolm ctive inhibition. In another con- 
ean an has related the learning set data 

Whig alized i i 
os instrumental beliefs” (11), 
th o be distinguished from con- 
it Shean riese Although the theoret- 
N Tetation ave not been published, this 
Kre enc involve “unlearning.” Tol- 
Bee eer (12, p. 67) noted that 
ent of 8 Situation is in terms of the 
neral a specific hypothesis out of a 
leap EVerse means-end-readiness, and that 
Process should be called “un- 


Sib), Ing» T 
“A hey further suggested that pos- 
aw 


the ` 8e 


to alysis 
ts ‘Sis or 
Whic oe data has revealed four fac- 
mpany transfer suppression 


tw 
© aspects of behavior obey dif- , 
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xperiment performance on 
reversed problems was negatively correlated 
with performance on the original problems, but 
the correlations approached zero with in- 
creased practice. The hypothesis of transfer 
suppression would predict such a trend, but 
the restriction in variance accompanying 
nearly perfect performance could also suppress 
the correlation. 

The negative correlations demonstrate the 
tence of preferences acquired during 
for particular stimulus ob- 
jects of reversed problems. Comparable stim- 
ulus-perseveration responses would be trans- 
ferred from one discrimination problem to 
another. If strong, this transfer would result 
in immediate correct responses OF stimulus- 
perseveration errors. Jf this transfer is sup- 
pressed, stimulus-perseveration errors would 
decrease, a phenomenon demonstrated by 


Harlow (4). 
Investigation 0 
interpolated learning S 
of two differing amounts approached a com- 
mon value and that the resulting retroactive 
inhibition is subject to modification by learn- 


ing. 

A and Underwood (2) have de- 
scribed an experimental finding that is re- 
lated to the results found here. They found 
that as human Ss obtained successively more 
practice in learning and remembering verbal 
material, they learned each successive list of 
paired associates at an increasing rate, but 
they also forgot each successive list at a faster 
rate, at least if retention was for longer than 
10 min. Greenberg and Underwood concluded 
that loss in retention with increasing practice 
was attributable to the cumulative effects of 
proactive and retroactive inhibition. Such 
cumulative effects, if unchecked, would result 
in rapid forgetting. Whatever the limit at- 
tained by the cumulative effects of retroactive 
and proactive inhibition, it is not sufficient 
to prevent the formation of either discrimina- 
tion learning of discrimination-reversal learn- 
ing ve. diferental pu confirmation i 
R i e initial choice was seen o 
inie ; the experiment. Com- 
ed for both new dis- 

d . . . . 
criminatio and the reversed discrimination 
problems. Although absolute values differed 


persis 
original learning 


f the role of the amount of 
howed that the effects 
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at the ¿beginning of the experiment, they 
were approximately equal at the end, a fact 
providing further indirect support for the 
hypothesis that eventually both new and re- 
versed problems are learned in the same man- 
ner. 

Moss and Harlow (10), using a slightly dif- 
ferent technique, have experimentally ek 
plored the effects of rewarding the initial 
trials of successive problems. Their results are 
in substantial agreement with those obtained 
in the final phase of this experiment, and they 
related their results to investigatory tenden- 
cies following a correct choice. The changing 
effects found in this experiment suggest that 
such investigatory tendencies may possess 
properties of skills as well as of drives (5). 

The positional tendencies of three of the 
animals were pronounced, but in spite of this 
the animals developed efficient learning sets. 
Since it is impossible to obtain a high per- 
centage of correct responses and make a high 
percentage of position responses, these position 
preferences must be suppressed during trials 
2 to 6 of succeeding problems. Animal RF-6, 
for example, made 99 correct responses on 
trial 6 of the last 105 problems. Even if we 
make the unlikely assumption that every one 
of the six errors was attributable to a position 
preference, the maximum number of left- 
position responses that could be made would 
be approximately 59 out of the 105 trials. Al- 
though these responses are suppressed during 
trials 2 to 6 of the problems, they nevertheless 
reappear on trial 1 of the succeeding problem. 
Despite the interpretation placed on these 
initial preferences, they are highly provisional 
in nature and are readily suppressed in favor 
of a response to the correct object. 


SUMMARY 


1. The present experiment was performed to 
evaluate the characteristics of interproblem 
transfer relations and other factors which are 
of significance for the formation of discrimina- 
tion learning sets. 

2. The discrimination-learning performance 
of four adolescent rhesus monkeys was ob- 
served for a total of 63 days, and on each day 
the animals were tested on five new problems, 
one of which was subsequently presented as 
a discrimination-reversal problem. 

3. All monkeys improved in the learning of 
both new and reversed problems. Disparities 


in rates of learning the two types of problems 
progressively diminished with further training. 

4, At the beginning of the experiment, the 
animals relearned the reversed problems more 
readily if four interpolated problems were given 
than if only one interpolated problem was 
given, but the differential effects decreased as 
training progressed until finally no difference 
could be ascertained. r 

5. Rewarded initial trials of new discrimina- 
tion problems resulted in 70 per cent correct 
responses on trial 2, and this percentage 1e- 
mained constant throughout the experiment. 
Unrewarded responses on initial trials were 
followed 55 per cent of the time by correct 
responses on trial 2 and this value rose even- 
tually to reach 90 per cent correct. 

6. No single positional bias was seen tO 
develop, but the course of first-trial positional 
biases was found to be characteristic of pat- 
ticular animals. 


7. The results were interpreted in terms ofa 
suppression of interproblem transfer tendencies 
and of factors which accompany it. 
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APPARATUS 


A modified _Lashley-type jumping apparatus was 
used in the training situation. Essentially this appara- 
tus consisted of a perch so built that a bird upon it 
could “see” both stimuli located 20 in. subrostrally. 
The stimulus plates were so arranged that when a bird 
ed down to the negative stimulus, the platform 
holding the stimulus collapsed, causing the bird to fall 
into a net 18 in. below. The stimuli were a frosted-glass 
triangle and a frosted-glass circle of equated area, both 
of which were on black backgrounds. The central area 
of each of these was illuminated from below by a 10-w. 
incandescent electric bulb. The walls of the jumping 
apparatus were painted flat black, and inasmuch as the 
experimental work was carried out in a darkened room, 
the only “figures” visible were the uniform fields of 
the circle and triangle. In the mid-line, posterior to the 
perch, the plunger apparatus of a pinball machine was 
set so that a jump could be forced on any bird which 

llotted for each trial. The 


failed to jump in the time a 
inner edges of the stimuli were separated by 134 in. 


Thus, it was impossible for the birds to make mid-line 
Jandings. The jumps were focalized and confined to the 
stimulus fields by having the front and sides of the 
apparatus flush with the edges of the stimuli, and by 
having the back of the apparatus as close to the perch 
as possible. Into the door, located at the top of the ap- 
paratus, was cut a small, rectangular observation 


window. 


jump 


METHOD 

of operations in this experi- 
under conditions of visual 
inary training in jumping 
|; (raining on a circle ver- 
for visual acuity, and 
king of indices of the 


The general sequence 
ment was aS follows: rearing 
definition deprivation; prelim 
from a perch to the horizontal; 
sus triangle discrimination; testing 
vestibular responses and the chec 
general health of the birds. 


Conditions of Rearing 
of the ring dove open when the bird 


Id, the experimental birds were 
with a plastic (vinyl) 
lowed the retinas of 
th by a diffuse 
time prevented 


hooded at t 

translucent hea 
b to b 

the squa of light, but at the same 


uniform field 
3 istics of the material out 


form perception. 
pae ission character! Bena 

i e hoods were cut were examined by two 
poser t yers on & Bausch and Lomb con- 
aoe PH meter. Both observers agreed 
that the material was nonselective. All wave lengths 
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passed through. There was no absorption even at the 
ends of the spectrum, where absorption most frequently 
takes place. 

The hood was fitted by hand and so designed that it 
allowed the beak of the young dove to extrude. This 
permitted feeding and breathing, while, at the same 
time, it prevented all specific form perception. The 
hood was also constructed so that it could be loosened, 
without ever being removed, to allow for growth of the 
bird. Hoods were inspected twice daily, and appropri- 
ate adjustments were made as needed. The hood was 
constructed so that it did not press against the corneas 
of the squab. 

Owing specifically to the deprivation of visual defi- 
nition, the doves did not develop pecking responses. 
Therefore, from the time of rejection by their parents 
until the termination of the experiment, the doves were 
fed and given water by hand, The same formula of 
mixed grain given to the normally reared doves (con- 
trol animals) in the museum colony was fed by hand to 
the hooded birds. The feeding was accomplished by 
grasping a dove by the beak with one hand and insert- 
ing the food into its mouth with the other hand. 

‘The control animals were reared normally in the 
museum colony. No experimental or control bird was 
younger than 8 weeks of age, nor was any older than 12 
weeks of age when started on the preliminary training. 


Preliminary Training 


Th advance of their use in training and tests, all ex- 
perimental and control birds were given experience in 
jumping from a perch to a table top. This experience 
was essential for participation of the hood-reared birds 
in the training proper owing to their diminished “life 
style.” It was observed that the hood-reared birds did 
not move about as much as did the normally reared 
birds, did not fly unless forced to do so, and when first 
unhooded as adults, were apt to fly only erratically and 
ji ‘Soe errors in space orientation. ic 

his pretraining was accomplished 
of adjustable height. Each hed oran aby fea ates 
20 times from a perch 2 in. above a surface. On the fi if 
lowing day, the height of the perch was increased to3 
in, and the birds were given 20 trials at this hei e 
This procedure was repeated daily. That is, Aki : 
the birds received 20 more trials, and the hei ht of the 
perch was increased 1 in. At a height of 20 in., t 5 
days’ training (or 40 jumps) was given. The total an 
Bir of prétraining jumps each bird received, therefore, 


Training 


Following the pretraining, a window the size of the 
lower half eye was fixed in the mask of each experimen- 
tal bird, thus allowing monocular vision. (For one 
group, trained using both eyes, two openings were cut.) 
Between experimental sessions this window was thence- 
forth covered with masking tape. Images of objects lo- 
cated subrostrally to the birds would impinge on the 
upper retina. Images of objects located suprarostrally 
would impinge on the lower retina. The Z’s aim in 
eovering the upper half eye and locating the images 
subrostrally was to confine images to the upper retina, 
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Hence, when the terms “uncovered eye” or “eye” alone 
are used in this paper, it should be kept in mind that 
images were confined to the upper hemiretina. This re- 
striction was not pertinent to the present experiment, 
but was introduced for the purposes of a further ex- 
periment with the same experimental birds. 

Specifically, each experimental session for each bird 
involved the following routine. The bird was taken 
from a home cage in a blacked-out room and the ap- 
propriate aperture fixed for the eye to be uncovered 
during the experimental session. The bird was then 
placed in a blacked-out cage. Five minutes later the 
bird was taken from this blacked-out cage and was 
placed, via the door located at the top of the jumping 
apparatus, on the perch of the blackened apparatus: 

Before this, the stimuli had been set in place, and when 
S seemed comfortably perched, the stimuli were illu- 
minated. 

i If the S made the correct choice (i.e. responded by 
jumping to the positive stimulus), the apparatus Was 
immediately darkened, and the bird was then replace 
in the blacked-out cage. Necessary adjustments, su 
as transfer of the position of the stimuli, were then 
made, and after an interval of 5 min., the bird was Te- 
placed in the apparatus, as above, for his next trial. 

; If the S made the wrong choice (i.e. responde 
jumping to the negative stimulus), the stimuli were 
immediately darkened, and the bird was left in the ne 
while necessary adjustments were made in the position 
of the stimuli. Immediately following these adjust: 
ments, the bird was replaced on the perch for its 2 
trial. Hence, S was kept in the apparatus until the cok 
rect choice was made. Avoidance of the fall and retur? 
to the blacked-out cage following reaction to the P 
tive stimulus thus constituted reward, and th 
following reaction to the negative stimulus constitute 
punishment. 

_ If any bird failed to jump after 3 min. in the situr 
tion, the plunger apparatus was released, forcing iji 
subject forward and off the perch, down to the stimu! 

Each bird received 30 trials per day. On completion 
of 30 trials, the hole in front of the eye used in training 
was covered with the masking tape and the bird 1% 
turned to its home cage. The normally reared birds wer 
treated in exactly the same manner in the experiment A 
situation. However, the normally reared birds, for pur 
E me Ton wore hoods for three days Ì® k 

ome | prior to bein; i experim 

miei, as well as sin Pi rectental aiaatceg 
ieee arbitrary criterion of having learned th! an 
ole a was nine out of ten consecutive jute 
bt ete ue Positive stimulus on any one day ard 
jumped ta ee criterion, Í$ als 
favors des Positive stimulus for its last ag 

SET it was still required to make nine oU? g the 
following R toward the positive stimulus 0” 
Pe > n of the experimental birds were "i 
using their right eyes (Group A), and six were aris) 
oe left eyes (Group B), Six of the nOr up 
O e Sirds were trained using their right eyes (C p): 
R a were trained using both eyes (Goi 
Wer F of subjects in Group A was greate caus? 

umber of subjects in the other grouPS 
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Grou i ; 
ee Ais a composite of birds used also in an addi- 
Po A Likewise, Group D, not a direct 
efits eis the present experiment, is included because 

Feeding of d ma terest as an indirect control. 

of the birds of all k 
Eda t all groups took place after 
daily experimental session. . p 


PRECAUTIONS AND CONTROLS 


Visual Acni 
a Acuity and Ophthalmoscopic Examina- 


Visuz i 

ie was tested by taking advantage of the 
and white a When a drum consisting of black 
and many ar is rotated in the visual field, doves 
of the head Ta. animals show nystagmic movements 
imits was us T ne visual acuity, the method of 
Was ates hat is, the width of the black stripes 
reaction disan y l-mm. steps until the optomotor 
at a point en (upper threshold). Then, starting 
creased until he this, the width of the stripes was in- 

il the reaction reappeared (lower threshold). 


k TABLE 1 
e for Initial Discriminatory Learning, 
xperimental and Control Groups 


GROD; 

e | N EYE USED MEAN SIGMA 

A 
B ni right 126.0 | 20.2 
left 127.6 | 18.5 

e 
D right 72.3 13.4 
both 83.1 | 16.3 


Three : 

to ee and three increasing series were given 

as the mea tested. The absolute threshold was defined 

Olds, Eight of the three upper and three lower thresh- 

Our Co alae end chosen hood-reared birds and 

Visual acuity chosen control birds were so tested for 
Si: : 

titre. pla omly selected birds, i.e., three normals and 

ascertain "ta were examined opthalmoscopically to 

e condition of their retinas.? 


General Controls 


To 
rn ae the possibility that some animals might 
the perch the manner in which they were placed on 
Shifting fe in dependence upon the noise made by the 
etween S stimuli, the same kind of noise was made 
anged tials whether the stimuli positions were 
Perch in or not, and E attempted to place S on the 
trial, exactly the same position and manner for each 


V; . 

stimu ne the position of the positive and negative 
Series rom right to left, following Gellermann’s (1) 
thar? Controlled positional habits and the possibility 
animals might react to relative distances of the 


Stimuly 
uli from the side of the apparatus. For one-half the 
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Perf, 
bir, are the opthalmoscopic examination of the 


eg ERE the positive stimulus; fo: the other 
a nk my E al tie eae 
either the circle or trian, i ee he birds fon 
l l gle, and also reactions made on 

the basis of brightness per unit area. This last factor was 
further controlled by varying, in a prearranged man- 
ner, the brightness of the positive and negative stimuli 
over four different levels as soon as a bird had made 
four out of four, or four out of five, reactions to the 
positive stimulus. Thus, each stimulus was brighter 
than the other for a portion of the last five or six jumps 
o the reaching of the criterion. This variation 
was continued until the bird either reacted twice to- 
ward the negative stimulus, or reached the criterion of 
mastery. If either the criterion of learning was reached 
or two incorrect jumps were made, the 10-w. intensity 
level was reinstated. 
Animals may sometimes react to some minute aspect 

of the stimulus, rather than to the form of the stimulus. 
In order to control any cues, subliminal for human 
beings, to which the birds may have reacted, three dif- 
ferent triangles and three different circles, all of the 


prior t 


TABLE 2 
of Ps between Experimental 


Comparison 
and Control Groups 
HOOD-REARED 
NORMALLY eee 
REARED A B 
E e E 
c 6.97 5.30 
D 4.87 4.04 


ee ee eS 


were used successively in a random 


same dimensions, e r 
p tal conditions for each bird. 


manner in all experimen! 
RESULTS 

st the significance of the dif- 

the number of trials taken by 

and hood-reared birds, 


In order to te 


ted in Table 2, 
method of treatment are presen 

and sigmas for each group are 

meena ei eh sults indicate that in 


* 1. The re 
shown in Table »* cpmaparisons between hood- 


the four possibl i 
av reared groups in the 
reared and no A ood-reared groups took 


as ainin the ae 
jnitial tr Ss re trials to reach the criterion 


lly reared groups. 

On the other hand, between the results for 
the two normally reared groups no significant 
differences are found. Similarly, between the 
two hood-reared groups, there are no significant 
Therefore, the scores for the hoou- 


differences. ; 5 3 : 
reared birds were combined into one inclusive 
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group. The same was done for the normally 
reared birds. This gave an inclusive mean of 
126.8 jumps to reach the criterion (sigma, 
24.9) for the hood-reared birds. The inclusive 
mean obtained for the normally reared birds 
was 77.7 (sigma, 15.9) trials. This difference 
is significant below the .01 level. 

No statistically significant difference was 
shown between the visual acuity of those 
hood-reared and those normally reared birds 
tested. Here we follow the general assumption 
that the optokinetic test is valid for apprais- 
ing visual acuity. This statistical comparison 
was confirmed by postexperimental observa- 
tion of the hood-reared birds. 

Opthalmoscopic examination indicated a 
limited opacity of the fluid media of the eyes 
of the hood-reared birds as compared with 
the normally reared birds. 

No gross behavioral differences to rotary 
acceleration and deceleration were noted be- 
tween the experimental and control groups. 


DISCUSSION 


Several alternative explanations may be 
submitted for the larger number of trials 
taken by the hood-reared birds to reach the 
criterion of learning the visual discrimination 
used in this experiment. 

In view of the opthalmoscopic data, it is 
possible that diminished visual acuity in the 
hood-reared birds operated to cause the in- 
crease found. The present author tends to re- 
ject this as the crucial variable because the 
visual-acuity data of the hood-reared, as com- 
pared with the normally reared, birds did not 
support this, and because the postexperimental 
hood-reared behavioral emergences, which de- 
pend upon a functional visual substrate, were 
not such as to support this explanation. For 
example, 15 hr. after having been unhooded 
the hood-reared birds demonstrated coordi- 
nated pecking at small grains of food. Various 
other explanations in terms of central nervous 
changes, retinal degeneration, and photo- 
chemical imbalance, are also rejected in view 
of the demonstrated visual function of the 
hood-reared doves. Specifically, it does not 
seem that these chemical or physiological 
changes, if present, would reverse themselves 

within the time that the above-mentioned 
coordinated responses, which depend upon a 
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functional visual system, emerged. Attribut- 
ing the discriminatory learning shortcomings of 
the hood-reared birds to some motor or struc- 
tural deficit imposed by hood rearing seems 
also unacceptable on the grounds that close 
observation of the hood-reared birds brought 
out nothing to support this explanation, and 
also on the grounds that pretraining to jump- 
ing seems to have controlled this variable. The 
essential motor response, jumping from a perch 
to the horizontal, seems: to have been estab- 
lished in the habit repertoire of the hood- 
reared birds by the pretraining. Moreover, the 
hood-reared birds were able to fly nonerratl- 
cally after a period of one to two days in a 
cage permitting flight in spite of the diminished 
“life style” imposed by hood rearing. This 
would indicate not only a healthy, mature 
motor substrate, but also a visual substrate 
that could function in terms of an adequate 
perception of objects after the appropriate 
learning had taken place. That the pretraining 
may have been differentially effective for the 
normally reared as compared with the hood- 
reared birds also seems unacceptable on ob- 
servational and operational grounds. It gan: 
be stated that the conditions of learning during 
the pretraining, as well as during the training 
and testing sessions, were as equivalent a8 
possible for the hood-reared and normally 
reared animals. To the criticism that u 
vealed qualitative differences may have existe 
in the effectiveness of the reward for the e% 
perimental and control groups, the investig®” 
tor can only point to a too slender evidence Ye 
garding the role of differential effect im i 
early stages of perceptual-motor learning: 
there actually was a differential effect PO 
falling on the development of the perceptut 
processes in our experimental and contr? 
cases, further investigation is require 
demonstrate it. 

We therefore interpret our results 4° st 
porting theories which emphasize experienc 
as a prerequisite to normal adult function id 
visual perception. The crucial variable wou 
seem to have been the visual inexperienc®? 
the experimental animals. ` pat 

The perceptual theory of Hebb (2), 0 ¢ re 
of Köhler and Wallach (4), might hav® 
dicted the present results. 


to 
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SUMMARY AND CONCLUSIONS 


ia my fae ring doves were reared to the 
al fen ing without experience in 
hg ‘efinition and were so maintained 
oe oo Jumps and sessions. The 
aie — taken by these birds, as 
was then a ma visuomotor perceptual task 
nt bh ee that of 12 normally 
sae e birds reared without visual 
reach the a Significantly longer to 
Bota €rion of learning than did the 
Dheted 2. a a birds. This finding is inter- 
en rae in conformity with perceptual 
ail ee maintain that a change in the 

Strate, dependent upon previous 
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visual experience, is a prerequisite for normal 
adult visual function. 
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THE EFFECT OF ANXIETY—A PROBLEM IN MEASUREMENT 


FREDERICK C. FRICK 


Human Factors Operations Research Laboratories 


One of the recurring problems in psychology 
is the question of the gross effects on behavior 
of anxiety, emotion, or severe physiological 
disturbances due to brain ablation, electro- 
convulsive shock, or the administration of 
drugs. The sort of question that often arises is 
whether behavior under the experimental 
conditions is more or less “well integrated” 
than normal, or whether specific behavior pat- 
terns have actually been affected by the ex- 
perimental operations. Often the objective 
evidence—error scores, time scores, and so on— 
says no, but E feels that there is a difference 
in performance. In other cases, the behavior of 
the animal is markedly different but it is 
difficult to describe just what the difference is, 
and E must resort to moving pictures or liter- 

ary description. 

It is the purpose of this paper to illustrate, 
by an experimental example, a descriptive 
technique that appears to be extremely sensi- 
tive and may enable us to quantify certain 
kinds of complex behavior that, at present, 
necessitate an essentially clinical description. 
The experiment involves the establishment of 
what has been called an anxiety-producing 
stimulus (1). The problem is to determine the 
effects of such a stimulus on behavior. 


METHOD 
Subjects and Apparatus 


Six male albino rats, approximately 120 days old, 
were divided into two groups—experimental and con- 
trol. 

Both groups were run in an apparatus that has been 
described in detail elsewhere (2). It consisted of a modi- 
fied Skinner box in which the food tray and the bar 
were at opposite ends of the cage. A photoelectric cell 
system made it possible to record approaches to the 
tray as well as the usual bar-pressing responses. For the 
present experiment the box was further modified by the 
addition of an electric grill in the floor and sheet metal 

1 The work reported here was done at the Psycho- 
logical Laboratories, Harvard University. It was re- 
ported in part at the 1950 meetings of the Eastern 


Psychological Association. The author is indebted to “ 


Mr. N. D. Squires for the actual carrying out of the 
experiment. 


siding (to prevent shock avoidance by climbing). The 
experimental box was in a dark, sound-treated chamber 
with recording and control apparatus outside. 


Procedure 


Prior to the experimental test each animal was 
placed in the experimental situation for two dah 
periods, spaced three days apart. A 25-w. light locate 
at one side of the cage was turned on occasionally dur- 
ing this adaptation period. For the three rats of the 
experimental group this light was always accompam® 
by electric shocks of 5- l sever” 
enough to elicit jumping and squealing. The light wae 
left on for varying periods of time and the shock a 
curred several times during the light interval. The lig! 
shock schedule was not systematic but was maintain’ 
until a reasonably clear clinical picture of anxie A 
(“freezing,” trembling, defecation) was observed in ae 
presence of the light. The control group was also A 
posed to random light periods, but no shock was syd 

On the day following the completion of this adap 
tion and conditioning procedure, each animal was Jed 
turned to the experimental chamber at its schedu tic 
feeding time. The light was out, and an autom e 
feeder had been connected to the bar. Each anim® Jar 
mained in the situation until it had obtained 100 pr of 
reinforcements for bar pressing. Three more sessioni g 
100 regular reinforcements were given On succe? 
days. p the 

On the final day, each animal was run throug d io 
following test schedule (symbols are those use 
Fig. 1). 
(Ia) 10 min. of regular reinforcement with li 
(RR:) 8-12 min. of regular reinforcement 12 ligh 
(4) 8-12 min. of regular reinforcement with lg 


The experimental group received no shock a i 
the first light period (7a) and one shock of hate trol 
tion during the second light period (Z). The 1 time 
group, of course, received no shock. The act each 
in the light and the dark varied somewhat 
animal, depending on its rate of reinforceme? 
necessary to limit each animal to 100 reinforcem® 
prevent satiation effects.) 


Treatment of the Data 


The apparatus mechanically defines tW and 
that can be symbolized A Cones to food eee o 
B (Bar press). The data appear as ordered sequen, pol’? 
responses: ABAABABA. .. representing ae 
course of action, or pattern of behavior uring 5 
riod of observation. A sequence of this sort onl? ted 
related against itself and this operation or p! gt 
number of times, each time with the sequence eds 
a constant amount (m). Such a procedure x act 
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See reference 2, pp. 33 
Constant of displaceme: 


we, i i 
Bin effect, determine 


35.) In the present case, the 
a was a single response, and 
€ correlation of each response 

elon eomag Second successor, and so on. 
Bee ie este yields a simple quantitative 
E deeree cr e pattern of the animal’s behavior. 
É o; patterning is reflected in the rate of at- 
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the pattern is quite high, as indicated. by the 
relatively slight attenuation of the auto- 
correlation function. Correlations are still 
significant after three to five displacements. 
In the presence of the light (Za and Js), this 
pattern of behavior is disrupted. There is still 
some tendency to alternate responses, as in- 
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RESPIRATORY CHANGES DURING THE CONDITIONING OF FISH 


W. N. KELLOGG asp PETER SPANOVICK 
Oceanographic Institute, Florida State University 


That fish of different species can develop 
associations or conditioned responses to a 
variety of stimuli is a well-established fact. 
The frequently cited experiment of Triplett 
(10), reported in 1901, showed that such a 
fundamental reaction as the striking or feed- 
ing response in perch could be broken down 
by the proper reinforcement and that an in- 
hibition could be set up in its place. Differen- 
tial conditioning in the visual modality was 
successfully demonstrated by Washburn and 
Bentley (11), who trained the creek chub to 
discriminate between pairs of colored forceps. 
And auditory or vibratory conditioning is 
illustrated in the investigations of Frolov (6) 
and of Harlow (7), both of whom used electric 
shock as the unconditioned stimulus. 

A series of studies on marine fishes by Bull 
(1, 2, 3, 4) has employed the conditioning 
technique to measure such things as the sensi- 
tivity to temperature and salinity changes in 
the water, and the reactions to monochromatic 
lights as contrasted to closely allied shades of 
gray. Fish have even been reported to be 
capable of second-order conditioning (9). 

It was the purpose of the present experiment 
to probe further into the nature of learning or 
conditioning in fishes, partly because of the 
primitive development of the forebrain in 
these animals and the absence of the cerebral 
cortex (8). Specifically we wished (a) to com- 
pare the respective rates of conditioning to 
visual and to audiovibratory stimuli, and 
(b) to see what relationships, if any, might 
exist between the rate or efficiency of learning 
and the “emotional condition” or “anxiety 

state” of the organism as determined by its 
rate of respiration. The striped mullet, Mugil 
cephalus (L), an extremely fast swimming 
and excellent salt-water food-fish, was selected 
as the subject for investigation. The research 
was conducted at the Marine Laboratories of 
Florida State University on the Gulf of Mexico. 


1 Contribution No. 5 from the Florida State Univer- 
sity Oceanographic Institute. 


METHOD 


Apparatus and equipment. Twenty-four striped mul- 
let, divided into three equivalent groups of eight 
each, which will hereafter be designated as the Bell B) 
Light (L), and Extinction (E) groups, were used in the 
research. All fish were between 8 and 11 in. in length. 
Each animal was conditioned individually, in a con 3 
tioning compartment, 42 in. by 12 in., which was Pat 
titioned off within a larger glass aquarium. The wa 
level in this compartment was maintained at a dep 
of 11 in. 

The rear wall of the conditioning compartment o 
sisted of a 14-in. marine-plywood panel. Rigidly fas 
tened to this panel above the water line was an ordinan 
doorbell. The plywood partition acted, therefore, 35 
sounding board and could be used to transmit audito e 
or vibratory stimuli into the water. This was the sonaa 
of the conditioned audiovibratory stimuli employ? 
the present study. aS 

The source of the conditioned visual stimulus wide 
a 100-w. frosted electric light bulb, mounted poe 
of the tank in a gooseneck study lamp. The lamp on- 
adjusted to shine horizontally into the end of the ie 
ditioning compartment, through the glass wall © 
aquarium. d.c 

The unconditioned or reinforcing stimulus wer ne 
electric shock sent through the water of the tank y the 
Y-in. vertical brass rods—three at each €D® irren 
conditioning compartment. The source of the CU g 2 
was a rectifier which delivered a shock of 
amp. at the electrodes. 1 

The experimenters and apparatus were cone 
screened from the aquarium tank, and all observ 
were made through a 3-in. by 12-in. slit in thi 

Conditioning procedure. The stimuli were time one? 
Ol-sec. electric time-clock so that the cone eal 2 
stimulus lasted for 3 sec. and the unconditioned en 
overlapped the conditioned for the final 1 secr 
3-sec. period. The massed method of training yen from 
with the interval between successive trials vary? yjals 
30 sec. to around 2 min. Unreinforced contro igdi- 
presented before the training was begun gave mi the 
cation of the original or natural effectiveness 
conditioning stimuli. sition and 

Each subject was run through the acquisito dip £ 
extinction procedures in from 2 to 3 br w cor 
A pilot stu! Y ted 
d demo™ 


elicited in the present situation could be oby raini 
a criterion of 10 successive CR’s, within i crite y 
trials or less. As a consequence trial-limit far c% 
of 70 training trials was adopted. Every 15 

ditioning trial was reinforced, so that the me 
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conditioned reflex. Th i 

which occurred daar en: oS 
the trial when the conditioned bell et ef 
was presented alone, was a gradual lo ae 
of the head end of the organism and a bakine 
away from the positive electrodes. It aT 
deliberate and slow reaction, yet obvious! af 
avoidance response. This negative PT 
movement was usually accompanied by a ae 
ing of the dorsal fin as in the case of the un- 
conditioned reflex. In the CR, however, the 
extension of the fin was never as speedy, as 
extensive, or as mechanical as it was in ‘the 
case of the unconditioned reflex. 
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he bell or sound group: 7i 
e two methods is 
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i ficiency 0D trial 50 


ch this level 


whereas group 
until trial 70. . : 

That an organism 4S Jow in the pyle 
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howevez, that this experiment demonstrates 
“generalized” rather than “adaptive” or 
“specific” conditioning. Culler (5) has made 
clear the distinction between these two levels 
of learning. In the case of the dog in the buzz- 
shock conditioning experiment, for example, 
conditioned struggle to the buzz (generalized 
conditioning) may appear within from 3 to 
15 trials, whereas adaptive conditioning in- 
cluding only the lifting of the reinforced foot 
may require upwards of 200 trials (12). It has 
also been shown by Bull (4) that many of the 
common teleosts will develop CR’s in less 
than 40 trials. 
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Fic. 2, The relationship between respiration rate and 
the acquisition of a CR to a visual stimulus in a group 
of eight striped mullet 


The respiration rate and conditioning. The 
relationship between the average respiration 
rate of the eight fish in group L (per 15-sec 
interval per trial) and the number of condic 
tioning trials is indicated in Figure 2. For 
comparative purposes, the acquisition curve 
for group L, which was previously diagrammed 
in Figure 1, is reproduced again in Figure 2. 
The vertical scale to the left in Figure 2 applies 
to CR’s, and the vertical scale to the right 
applies to respiration rates. The similarity 
between the two graphs is so close that: one 
might almost suppose the respiration graph 
was also a learning or acquisition curve. 

The same sort of relationship (not shown 
here) existed between the rate of acquisition 
of the CR in the bell group, and the change in 
respiration rate as training progressed in that 
group—with this interesting difference. The 
respiration rate for group B increased more 
during the conditioning process than the respi- 
ration rate for group L. Rank-difference cor- “ 
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relation coefficients between the efficiency of 
conditioning and respiration rates for the two 
groups are shown in Table 1. 

These high positive correlations between the 
rate of conditioning and the respiration rate 
would seem to point to the reinforcing shock 
as the common factor in both situations. The 
shock we know to be the reinforcing or MO- 
tivating agent for the conditioning. The m- 
crease in respiration must also be due in large 
measure to the cumulative effect of many Tè 
peated shocks. If one is willing to regard this 
change in respiration rate as evidence of the 
building up of an “emotional” or an “anxiety 
state, then as the anxiety state builds uP the 
efficiency of the learning increases. Such re®- 
soning can be fitted rather well into the frame 
work of reinforcement theory in learning: 


TABLE 1 


Rank-Difference Correlation Coefficients Ct) 
Efficiency of Conditioning and Respiration Rat? 
4 LEVEL OF 
ee. EEE GON, P a 
Ë 83 OL 
B 7 —— 
o he 
Extinction. The results obtained fro™ : t 


extinction group (group E) in genera hte 
this thesis inasmuch as the respiratio” “ine 
was found to return to normal as soon 45 
shock had been removed. With the single 1y 
ception of fish number 23, which was origin? as 
conditioned to light, the extinction 1% 
so rapid that graphs of the change i resP' pe 
tion during extinction could not readily rd 
drawn. It was possible, however, tO oust 
the respiratory change in number 23 thr pic? 
out a long extinction period of 71 trials 
was required before this animal rea? D 
extinction criterion of 10 successive, 
with no CR’s. The gradual decrease 1, 
piration rate to the normal level hron 
these extinction trials is shown in Figu 
It should also be noted, so far a5 ep 
and light groups are concerned, that on 
age rate of extinction for grouP 
of fish no. 23) was somewhat sSIOWe! yis 
was for group B. In other words, th? ppt @ 
conditioning was in general more ae 
extinction than the audiovibratory © 
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of the light and bell stimuli, as indicated b: 
the performance of the Ss in this apain 
are summarized in Table 2. l 


TABLE 2 
Contrasting Aspects of the Light and Bell Situations 


LIGHT BELL 
No. preconditioning responses...) greater less 
Rate of conditioning......-.--- faster slower 
Rate of extinction.......--.+++ slower | faster 
Respiratory increase during con- 
| less greater 


ditioning. ....-...+++ee5e088 


SUMMARY AND CONCLUSIONS 
Twenty-four striped mullet, Mugil cephalus, 
were conditioned either to a light or to an 
audiovibratory stimulus, electric shock being 
used as the unconditioned or reinforcing agent. 
Extinction was subsequently carried out with 
four of the animals conditioned in each modal- 
ity. The respiration rate was systematically 
recorded after each training or extinction 
trial for all subjects. 
1. In both sorts 0: 
tioned response wa 


f conditioning, the condi- 
s qualitatively distinct 


from the unconditioned reflex. The former was 


a slow withdrawal away from the location of 


the positive electrodes within the aquarium. 
The latter was wild orientation toward the 


positive electrodes. i f 
2, Conditioning to the light stimulus was 


slightly more efficient than conditioning to 
the sound (bell) stimulus. Conversely, €x- 
tinction to the light was on the average slower 
than extinction to the sound. l 

3. The respiration rate gradually increased 
during the conditioning traimng and decreased 
during extinction. et the increase in respira- 
tion during the sound or audiovibratory ons 
ditioning (which was less efficient) Let greater 
than that during the visual conditioning 
(which was more efficient). sis atte 


soe in res) jration p 
4. If the rise in A elena! of the building 


ey eons powerful “anxiety w 
in these organisms, it is posite to an i 
present results into the general ramew 
reinforcement theory 12 Jearning- 
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EXPLOR 
ATORY BEHAVIOR AS A FUNCTION OF “SIMILARITY” 
STIMULUS SITUATIONS! + 


K. C. MONTGOMERY 
Yale University? 


The i 
ay a of exploratory drive, de- 
as RA e writer (3, 4, 5), states (a) 
DTE stimulus situation evokes in an 
exploratory eee drive which motivates 
exploratory ie avior, and (b) that strength of 
exploratory sm as measured by amount of 
continuous ex avior, decreases with time of 
ar ee posure to a given stimulus situa- 
exposure. ro oS during a period of non- 
Useful in ¢ a ormulation, which has proved 
variability ape E certain cases of behavior 
emphasize a as spontaneous alternation, 
A ethan role of external stimulation. 
extemal stim ce of exploratory behavior upon 
tive Shere together with certain qualita- 
2 principle ions by the author suggested that 
tion king se to stimulus generaliza- 
iminary i es in exploratory behavior. Pre- 
this ine appeared to confirm 
ays, ‘tonm sis. On each of four consecutive 
Were pert otivated (for food or water) rats 
mediate ee explore two mazes in im- 
ti ey For one group the second 
Btoup it aoe with the first; for a second 
in Biekin ered in type of floor covering and 
nificantly oes The latter group exhibited sig- 
ond fae exploratory behavior in the 
. the 
ear Present experiment is a more detailed 


Stiga ti f 
Poth gation of this phenomenon. It is hy- 
e 


Sec 


esiz 
: a that the decrement in exploratory 
US situati uced by exposure to one stim- 
anq (b) th P to other situations, 
sn ment d the magnitude of the generalized 
imulus sit ecreases as the similarity of the 
a Yi as ERE decreases. Stated differ- 
a stimulus ifference between two consecu- 
se, ecOve situations increases, the amount 
cong ae of exploratory behavior in the 
ituation also increases. Similarity 


ST) 
his 
a Y 
esearch was conducted at Cornell University. * 


aan T Louis Di 
i is DiMar z i ni. 
“vestigation. co ran the animals in the prelimi- 


is varied in the present study by usi 
y using ma: 
of three degrees of luminance. A i 


METHOD 


Subjects 
Thirty-two female rats of the Wistar strain, 
100 days old and experimentally naive, were used nates 


Apparalus 

The apparatus consisted of three enclosed mazes, 
identical except for brightness. One was painted flat 
black, one flat white, and one an intermediate flat gray, 
and their mean brightnesses were 0.18, 0.55, and 3.30 
ft.-L, respectively. Each maze was constructed in the 
form of an H. Each arm of the H was 24 in. long, 4 in. 
wide, and 4 in. high (inside measurements), and was 
covered with hardware cloth. T! he mazes were placed 
close together on the floor of a 10-ft. square enclosure 
formed by black curtains, Illumination was provided 
by a single 60-w. bulb suspended 53 ft. above the 
center of the floor of the enclosure. This setting pro- 
vided relatively homogeneous extramaze stimulation. 
The E sat in one corner of the enclosure while observing 


the maze behavior. 


Procedure 


Before and du 
all animals were 2! 
water except during 
they were actually in the maze. Fo 
at random to each of eight groups. 
a different sequence of maze-expos} 


the experimental design. x 
On day 1 the animals were permitted to explore one 
maze freely for 5 min., then, after a 5-min. rest period, 
were allowed to explore a second maze for 5 min. The 

y for 8, and white 


first maze was black for 12 rats, gra; 
ond maze was black for 12 rats, gray for 


or 12. Thus, the effect of maze luminance 
behavior can be determined. 
ign is somewhat more com- 
ere exposed to one 
maze for 10 min., then to a test maze for 5 min.; Groups 
LB through IV-B were exposed to one maze for 5 
min., then to & test maze for 10 min. The intermaze 
pout 10 sec. for all animals on both days. 
length of exposure to the first 
amount of exploratory behavior in the test 
be determined. Also, the change in maze 


from the 


ring the three days of the experiment 
llowed free access to both food and 
the 10 to 15 min. per day when 
ur rats were assigned 
Each group received 
ures, Table 1 shows 


plicated. Groups 


maze upon 

mazes can 

luminance 

systematically, ina counterbalanced order, among the 
i kes it possible to evaluate the effect 


groups. This ma! 
of exposure to a maze of each degree of luminance upon 
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TABLE 1 
Experimental Design 
GROUP 
DAY mae | LA | UA | TILA | IV-A 
alplalpjalbla | b 
5 BIÍWIwWÍGİB|G|B|W 
1 5 WiB|G|W/iG/|B|W/B 
aa B\|B|w|w|B/B|B|W 
2-3 5! wilwi|c|G|G|c|B|w 
GROUP 
DAY mores | ts | a |ua | wE 
a|lbja | bia | bla | b 
s wi/B/|G|wi/c|B|wi|B 
1 s B|w|wjejs|ejsB]|w 
z y |wiwle|G|e|c\|aiw 
z 10 B/B|w|W/B/3/B\W 


EXPOSURE I EXPOSURE IL 


O 12345 Ọ 1 


MINUTES 


2345 


BOTH EXPOSURES 


MEAN NUMBER OF 12 INCH SECTIONS EXPLORED 


MINUTES 


Fic. 1. Mean number of 12-in. sections explored as a 


function of time of exposure for each maze luminance ‘ 
on day 1 
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amount of exploratory behavior in test mazes of all 
three degrees of luminance. 4 

On all days amount of exploratory behavior was 
measured by recording the total number of 12-in. sec 
tions explored during each minute of exposure. The 
criterion of a maze-section exploration was a full body- 
length entry, excluding the rat’s tail. 


RESULTS 


The data are analyzed to provide answers 
to five questions. First, does maze luminance 
bear any relation to amount of exploratory 
behavior? Figure 1 shows the average number 
of 12-in. sections explored plotted agains 
minutes of exposure for the black, gray, 4” 


TABLE 2 ing 
Mean Number of 12-Inch Sections Explored pun 
the Ten Minutes of Maze Exposure on Day 


GROUP 


SUBGROUP 
I I ul ve 
A 82.2 | 83.8 | 75.0 | 88.0 a 
B 89.2 | 82.0 | 84.0 | 79.5 | 33.0 
Mean 85.8 | 82.9 | 79.5 | 83-8 
TABLE 3 ratory 


Mean Per Cent Decrement in Amount of Explo 


Behavior in the Test Maze for Days 
2 and 3 Combined 
GROUP 
SUBGROUP IV 
I 0 mw | 
A =] 31 39 a 
—3 24 36 ot 
Mean -2 27 37 
: d f 
white mazes on day 1. Plots are presente the 


er 
first exposure, for second exposure G ure? 


5-min. rest period), and for both expo put 
There are no systematic differences 2 tai? 
able to maze luminance. Similar results ° ex 
for days 2 and 3 when the first 5 miD- 
posure are considered. 

Second, are the groups homogeneots við 
respect to amount of exploratory pez 2m 
Table 2 presents the mean number ° 
Sections explored by each subgtouP Jo Be 


the 10 min. of exploration on day 1- nll 
tematic differences are apparent. the, 
of variance confirms the conclusion tP% roba 


are no significant differences amoD8 “ye 
in amount of exploratory behavior 


EXPLORATORY BEHAVIOR AND SITUATION SIMILARITY 


Tatio for groups is 0.22, a value that falls 
~ of the .05 confidence level for 7 and 24 
Third, are there any day-to-day changes in 
amount of exploratory behavior? The mean 
poe of 12-in. sections explored during the 
tst 5 min. of days 1, 2, and 3 for all 32 rats 


18 


FIRST MAZE 


a 


MEAN NUMBER OF I2 INCH SECTIONS EXPLORED 


MINUTES 


a i i f exposure 
a mage Mean number of 12-in. sections explored as a function of time of exp 


°F each of the four major groups 


41 

tory tae and 41. Thus, amount of explora- 
u îvior is a stable phenomenon over 
Mentatign ance, groups, and period of experi- 
iy Ourth, |: 

a t ey 1S amount of exploratory behavior 
"he eSt maze a function of the amount of 
Minja hat in the first maze (5 min. vs. 10 
“ble 3 presents the mean per cent de- 


„of its difference 17 
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crement in amount of exploratory behavior 
during the first 5 min. in the test maze as 
compared with the first 5 min. in the first maze 
for the various groups. The data for days 2 
and 3 are combined. The A groups (10 min. in 
first maze and 5 min. in the test maze) show 
a slight tendency toward a greater decrement 


TEST MAZE 


to the first maze and to the 


the results of 
ups. However, 
op oe E show that this tend- 
a AEE significant (see below). $ 
othe fifth question is the one posed by the 
ie ntal hypothesis: Is amount of ex- 
an behavior in the test maze a function 
eee luminance from the first 


7 ummarizes the relevant data. 
? Figure 2 S 
maze? Fig 


> 
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It shows the mean number of 12-in. sections 
explored by each of the four major groups 
plotted against minutes of exposure for 
the first maze and for the test maze. The 
data for days 2 and 3 and for the subgroups 
within each major group are combined. In 
all cases only the first 5 min. of exposure to 
each maze is considered. Inspection of Fig. 2 
reveals (a) that no systematic differences 
among groups in amount of exploratory be- 
havior occur during exposure to the first maze, 
and (b) that systematic differences do occur 
in the test maze. The BW-WB group shows the 
greatest amount of recovery in exploratory 
behavior in the test maze, the WG-GW group 
the next greatest amount, the BG-GB group 
the next greatest amount, and the BB-WW 
group the least amount. A plot of per cent 
decrement in exploratory behavior in the test 
maze against differences in maze luminance 
in log units yields essentially a straight-line 
gradient. Thus, amount of exploratory be- 
havior in the test maze is a function of its 
similarity to the first maze. Reference to Table 
3 substantiates this conclusion. 

Statistical analysis corroborates this and 

the preceding conclusion. The per cent decre- 
ment in amount of exploratory behavior in the 
test maze (first 5 min.) as compared with the 
first maze (first 5 min.) was computed for each 
rat. These scores were transformed into angles 
according to the formula, Angle = arc sin 
v percentage, and were subjected to an analy- 
sis of variance. The experimental design per- 
mits a two-way factorial analysis, the two com- 
ponents of which are time spent in the first 
maze (5 vs. 10 min.) and degree of change in 
maze luminance from the first to the test maze, 
The F ratio for maze luminance is 43.7, a 
value significant at well beyond the .001 level 
for 3 and 24 df; the F’s for time spent in the 
first maze and for interaction are 0.65 and 
0.21, values which fall short of the .05 level. 
The greater per cent recovery for the WG- 
GW group as compared with the BG-GB 
group is attributable to the fact that the phys- 
ical difference in maze luminance is greater in 
the former case. 


DISCUSSION 


The major finding confirms the experimental 
hypothesis: The decrement in exploratory be- 
havior produced by exposure to one maze 
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does generalize to other mazes, decreasing 10 
amount as maze similarity decreases. This 
result is interpreted as providing additional 
direct support for the hypothesis of explora- 
tory drive. That is, it further emphasizes the 
importance of external stimulation as a a, 
trolling factor in exploratory behavior. I 
also points to the operation of a stimulus 
generalization principle in exploratory be- 
havior: When the strength of the exploratory 
drive evoked by a given stimulus situation 
is reduced, the strength of the exploratory 
drive evoked by other similar stimulus situ- 
tions is also reduced, the amount of reduction 
decreasing as the similarity of the situation 
decreases. veal 
There are at least three other theoreti 
concepts that might be invoked to account 
the present results. The first is Hull’s ding 
construct of reactive inhibition. Acco™ a 
to Hull’s eighth postulate the performa Be 
of a response generates a certain aes ich 
reactive inhibition—a negative dive Tam 
mediates against the repetition of tha This 
sponse and which dissipates with time. tin 
construct could account for the decremer nu- 
exploratory behavior produced by ©? ause 
ous exposure to a maze. However, be 
reactive inhibition is stated to be specie or 
specific responses, and because the be 
in the first and test mazes involves , ai - 
similar if not identical responses, reactivi he 
hibition provides no basis for explain"? ora- 
differential amounts of recovery of P 
tory behavior in the test mazes. pitio? 
Hull’s (2) concept of conditioned in tioned 
is more promising. Essentially, CO" < pot 
inhibition is a habit of resting, 1» ter? 
responding, which is conditioned to ©“ one 
stimuli. Hence, it would transfer 1° 


cE 
an 
i F 4 : or 
stimulus situation to another in 2¢¢ 


tio 


. . . iza | 
with the principle of stimulus generali cou 


Although conditioned inhibition cou 
for the generalization effects from oF nent 
to another that occur on any one expen 
day in the present study, it leads to 
diction that the decrement in 
behavior developed in a maze on any p 
rt y 
would transfer to the next day. Unfo avi” 
for this explanation, exploratory bee s 
this and other short-term studies "oye 
relatively complete “spontanzous ri 
over a 24-hr. rest period. ' 


co) 


explo’ doy . 


EXPLORATORY BEHAVIOR AND SITUATION SIMILARITY 


Sometim i 
by a aT behavior is explained 
which sa po general activity drive” 
n tan ly is generated by internal 
NR =a actors. There are at least two 
ati, this concept is inadequate as an 
8 Be the present data. (a) It does 
Comi 3 the rapid decrease in amount of 
tthe. Te a _ behavior over short periods of 
Pik ts his and previous studies only one- 
during Ta ae md as much activity occurs 
ice the mee minute of maze exposure as 
Bis toe ce ‘minute. (b) It provides no 
of eves pa the differential amounts 
Y the va oe exploratory behavior produced 

The ‘reg le of maze luminance. 

tive and Pe decrement in exploratory 
VIO? generali consequent exploratory be- 
to othe, E from one stimulus situation 
ar llar situations makes it possible 
to a for the gradual decline in explora- 
mazes, Ge that occurs even in very large 
en the Ce is relatively homogeneous, 
duced bye rement in exploratory drive pro- 
ralizes to daa to any given segment gen- 
umulative iad other segment. The result is a 
i oe in the strength of explora- 
ndings of hus, it is possible to explain the 
tats rin in oo and Henneman (1) that 
Beneoys eae mazes comprised of homo- 
often ae slow down in their activity 
orgotten P pening entirely. It should not 
Yan Sete that extramaze stimuli 
‘or, partion! ant role in exploratory behav- 
srPloye A ie when elevated mazes are 
ated in b r$ ence on this point will be pre- 
er paper. 


S 
UMMARY AND CONCLUSIONS 


irt: 
5 r 
f th e 3 a albino rats were run in mazes 
grees of luminance to test the hy- 
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pher ap the decrement in exploratóry be- 
avior p uced by exposure to one stimul 
situation generalizes to other similar Stanan 
On the basis of the experimental results and 
the preceding discussion, the following con- 
clusions are drawn: (a) The experimental hy- 
pothesis is substantiated: The decrement in 
exploratory behavior produced by exposure 
to one stimulus situation generalizes to other 
situations, decreasing in magnitude as the 
similarity of the stimulus situations decreases. 
Hence, a principle analogous to stimulus 
generalization operates in exploratory be- 
havior. (b) Exploratory behavior, of the kind 
studied in this experiment, is greatly de- 
pendent upon stimulation external to the or- 
ganism. This provides additional support for 
the hypothesis of exploratory drive. (c) The 
concepts of “reactive inhibition,” “conditioned 
inhibition,” and “general activity drive” do 
not provide adequate bases for explaining the 


present results, 
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TUM S SWEET TO HUMAN 
: A SUBSTANCE WHICH TASTE 
a SCAP SURTECTS BUT IS AVOIDED BY RATS! 


RD J. MURRAY HERBERT WELLS, MARTIN KOHN, anp NEAL E. MILLER 
WA ap ? 
BDY Yale University 


ctive value of taste stimuli is a 
m ier area with important go 
for a theory of taste (2). Furthermore, species 
differences in behavioral measures of taste re- 
ceptivity may be a strategic point of departure 
for an analysis of the mechanism of taste. The 
purpose of this study was to demonstrate a 
behavioral difference between human Ss and 
rats with respect to sodium sucaryl, a non- 
nutritive substance that is labeled “sweet” by 
human Ss. 


EXPERIMENT I 


The primary purpose of the first experiment 
was to show that human Ss increasingly judge 
sucaryl as sweeter than a standard saccharin 
solution as the concentration of the sucaryl is 
increased. A second purpose was to obtain 
judgments of preference between the standard 


saccharin solution and the different concentra- 
tions of sucaryl. 


Method 


Subjects and apparatus. The Ss were 18 Yale students. 
The apparatus consisted of eight standard medicine 
bottles and droppers. A screen separated S from E. 

Procedure. Ten paired comparisons between each 
of seven concentrations of sodium sucaryl (0.33, 0.67, 
1.00, 1.33, 1.67, 2.00, and 5.00 gm/100 cc. water) and 
a standard solution of sodium saccharin (0.13 gm/100 
cc. water) were made by each S. The presentation of 
the various concentrations and the sucaryl-saccharin 
order were completely randomized. 

The Ss were tested about two hours after their 
evening meal. The E placed a drop of the first solution 
on the center of S’s tongue. After S rinsed his Mouth 
with water, the second drop was placed and a judgment 
between the two drops made. 


‘This study was supported by the Institute of 
Human Relations, Yale University; Mr. Wells worked 
as a Bursary Aide. Part of the study was presented at 
the Connecticut Valley Psychological Association, 
Storrs, Connecticut, May, 1952. The authors express 
their appreciation to Dr. Arnold E. Osterberg and the 
Abbott Laboratories, Chicago, Illinois, for generously 


donating a supply of pure sodium sucaryl unadulter- 
ated by the effervescent compound which is mixed into 
the commercial tablets, 


: ich 
Eight of the Ss were asked the question, e 
one do you like better?” and ten Ss were asked, 
one is sweeter?” 


Results and Discussion 


Figure 1 shows the percentage of choice of 
sucaryl over saccharin for the “like’ a 
“sweeter” groups for seven concentrate” i 
sucaryl. The weaker solutions of sucary ac- 
judged as less sweet than the standard i e 
charin, but as the concentration increases, siti 
sucaryl is judged as sweeter than the saccha 


PERCENT CHOICE OF SUCARYL 


33 67 LOO 1331.67 2.00 


CONCENTRATION OF SUCARYL val 

Fic. 1. The per cent choice by human Ss p wal 
concentrations of sucaryl (in gm/100 cc. © m/! 

when paired with a standard solution (0-13 8 mad? 

cc. of water) of saccharin. Different groups of 


A oS petet 
different judgments: “sweeter than” or “lik 
than.” 


rious 
tet) 


ele 
The variation due to solutions is highiy 038 
able (p < .01), and the increase from t eliab!? 
to the 5.00 solution is also highly E soli 
($ < .001). Subjects liked the veske peA 
tions of sucaryl equally as well as the 86° colu 
but preferred the saccharin to stronge pion 
tions of sucaryl. The variation due to 89°" pes 


t arp 
s almost reliable (p < .06), and the D 
j 


group judging sweetness is highly 
(p < 01). . 
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RESPONSES TO SODIUM SUCARYL 


ae sweetness increases with concentra- 
etait s possibility of a complete change in 
The aes sweet to bitter can be ruled out. 
eni m at preference decreases to some 
es rhs er ie of sucary] is at vari- 
of “pleases e finding of Engel (1) that reports 
tion of ec ntness increase as the concentra- 
Sa = Increases up to the strongest con- 
to believe ag 40 per cent. This leads us 
aversive o that sodium _sucaryl contains an 
A ARR which increases dispro- 
scary) E y with increasing concentrations of 
tine ies Ms an alternative hypothesis is 
are ea Bg sii sweeter than 40 per cent 
per se aaa th ecause of excessive sweetness 
cary! were th at the stronger solutions of su- 
conclude tt 's sweet. Therefore, in order to 
Ponent. it “og sucary] contains an aversive com- 
est suit a y to show that the strong- 
išinot a of sucaryl used in this experiment 
Sgt whe er than the 40 per cent solution of 
which Engel found was “pleasant.” 


EXPERIMENT II 


T 
ris ose of this experiment was to show 
is stud Tongest solution of sucaryl used in 
Solution Nm not sweeter than a 40 per cent 
tained on ths ugar. In addition, data were ob- 
an Witbier Presence of taste qualities other 
SS In sucaryl. 


Method 


Subj 
ect: 
Y; e Ea heey mabuah: The Ss were nine additional 
td medici s. The apparatus consisted of two stand- 
rocedine Dottles and droppers. 
fa ene paired comparisons of the sweetness 
2 oa cc. of water solution of sodium sucaryl 
yh S. he cent solution of sucrose were made by 
a Si ring, ee of presentation was randomized. 
ulus ed their mouths with water after each 
he presentation, 
S yi 
nošene of aaia also asked to report the presence or 
qd Salty į taste qualities of sweet, bitter, sour, 
esu] n every stimulus presented. 
U 
‘is and Discussion 
e Ss 3 
aecter T judged the solution of sugar as 
T Tage ee the solution of sucaryl on an 
ois includ 56 per cent of the comparisons. 
an Er, tw es five Ss who judged the sugar as 
A 3 
q d two ah who judged the sucaryl as sweeter, 
ute se © Judged them equal. We can con- 
Sd j i the strongest solution of sucaryl 
s ri 
Study is not sweeter than the 40 


each pair was 8! 
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per cent solution of sugar whi rel 
judged “pleasant.” This Bi es = phigh 
that the decreasing preference of sucaryl z 
its concentration is increased is not due to 
reaching any aversive level of sweetness and 
hence must be due to some different compo- 
nent in the taste of sucaryl. 

All Ss judged all the sugar and sucaryl stim- 
uli as sweet. In the 72 presentations of sucaryl, 
a salty taste was reported 5 times, a sour 
10 times, a bitter 17 times, and an “unspeci- 
fiable” taste (which was related to bitter when 
described) 9 times. The presence of nonsweet 
qualities was reliably Jess with sugar as the 
stimulus (p < .01). We conclude that sucaryl 
contains some nonsweet taste quality. 

EXPERIMENT II 

The purpose of this experiment was to com- 
pare the preference of rats for the standard 
saccharin solution used in Experiment I with 
their preference for the three concentrations 
of sucaryl which human Ss find about equal 
to the standard saccharin solution in liking 
and sweetness. Since exploratory work had 
shown that rats strongly preferred the sac- 
charin to the sucaryl, the ability of the test 
to detect any slight liking of sucaryl was in- 


creased by comparing saccharin and sucaryl 


separately with plain water. 


Method 


Subjects and apparatus. The Ss were 12 albino rats 
averaging about 120 days of age and 300 gm in weight. 
They were housed in a bank of individual cages each 
of which had two graduated cylinders with precision- 
made drinking tubes protruding through openings in 

r wall. 
a The procedure duplicated that used by 


Sheffield and Roby (3). The rats were given two habitu- 
ation days in the cages while satiated for food and water 
followed by a day without food. Then for five days 
the rats were fed 8 gm of ground Purina Chow mixed 
with i0 cc. of water. Water was available in both cylin- 

Following this there were eight 


ders during this time. t€ é cig 
days of alternate training and testing. On training 
days a saccharin or sucaryl solution was on a given 


side for a given animal, and water was on the other side; 


sting days water was on both sides. The 

ae ee pane Se was on the left for half of 
each group and on the right for the other half. Six 
rats were given the standard saccharin solution (0.13 
gm/100 cc. water) on training days. The other six rats 
were divided into three pairs. Throughout training 
iven one of the three concentrations 

of sucaryl (1.00, 1.33, 1.67 gm/100 cc. water) which 
were judged by humans as about equal in sweetness 
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and preference to the 0.13 saccharin solution. The 
amount drunk in 24 hr. from each cylinder was meas- 
ured every day just prior to feeding. The rats were 
fed 8 gm of ground Purina Lab Chow mixed with 10 
cc. of water on each training and testing day. 


Results and Discussion 


The results for the saccharin and sucaryl 
groups on the training days are presented in 
Figure 2. Since the three pairs with different 
concentrations of sucaryl showed no reliable 
differences, they are grouped together. The 
saccharin results are in substantial agreement 
with those of Sheffield and Roby (3). The per 
cent choice of saccharin over water is much 
higher than the per cent choice of sucaryl over 
water. This difference is extremely reliable 


100 


SACCHARIN 
80 


60 


40 


PERCENT CHOICE OF SACCHARIN OR 
SUCARYL OVER WATER 


20 
o 
| 3 5 7 
DAYS 


| Fic. 2. The per cent choice of sucaryl or saccharin 
ver water by rats as measured by relative amounts 


consumed in 24 hr. 5 g 
aiee ah r. The saccharin and sucaryl solutions 


human Ss. ged equal in sweetness and liking by 


(F = 377, p < .001). The s i 
shows a downward trend on ie dee 
while the saccharin choice is constant throu A 
out. Furthermore, the average amount of 3 : 
charin drunk on each training day was 168 ra 
as compared with an average of 2 cc, of sucaryl, 
On testing days the per cent choice of the 
“sucaryl side” over the “water side” decreased 
consistently but not reliably from 49 per cent 
on the first day to 14 per cent on the last day. 
The per cent choice of the “saccharin side” 
over the “water side” increased reliably p< 
.03) from 38 per cent on the first day to 61 
per cent on the second day and then decreased 
but not reliably to 33 per cent on the last day, 
The increase indicates some approach learn: 


ing with saccharin as opposed to consistent 
avoidance learning with sucaryl. 
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We conclude that rats prefer the standard 
saccharin solution used in Experiment I to 
water but prefer water to concentrations of 
sucaryl judged by human Ss as equal in liking 
and sweetness to the standard saccharin solu- 
tion. 


EXPERIMENT IV 


It was found in Experiment I that human 
Ss judge weak and moderate solutions ° 
sucaryl as equally preferred to a standar 
saccharin solution. The rats in Experiment 
preferred the standard saccharin solution tO 
water but chose water over three moderate 
concentrations of sucaryl. However, the dif- 
ference in the testing procedures does not per 
mit a simple, direct conclusion about @ species 


60 


HUMANS. 


40 


20 


PERCENT CHOICE OF SUCARYL 


23 67 1.00 133 167 2.00 


CONCENTRATION OF SUCARYL 


Fic. 3. The per cent choice of sucaryl OY 
by human Ss and rats for various concentr@ 
sucaryl in gm/100 cc. of water 


. a 
difference. The purpose of this experiment ; d 
to compare directly the preference of Tig 
human Ss for a wide range of concentrat? con” 
sodium sucaryl under comparable testing be 
ditions. For both species the choice W? 
tween sucaryl and water. 


Method 


eM sony Three male, albino rats avoras hed i 
S old an Te 
described oe file, basta. 78 °° 
Ari aralus. The apparatus for the rats was 
ox 6 in. by 9 in. by 6 in. with a raise i pink, 
cloth floor to prevent the accumulation of © <a", 4 
In the metal front of the box there was & 1 8 pone 
pening which could be covered with & siding D é 
door. Outside the opening a movable rack be 
glass cylinders with precision-made glass ite 
tubes. Only two of the three tubes were opp et 
opening at any one time. B A of a 
he apparatus for the human Ss consist? 


lg 
a wo" af? 
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of eight stand: ici 
sereen Gees ate a bottles and droppers. A 
rol 3 
kon e aa The rats were deprived of food and water 
kas N a then a hunger and thirst rhythm 
a enei o; three preliminary days and the 
es tal days by giving the rats access to 
areh da rina Chow and a water bottle for 
Kebi ae after the testing time. j 
anda tube ed in 5 sec. of access to a tube of sucaryl 
choice if the : nie A trial was scored as a sai 
sucaryl tube: i spent more than half the time at the 
osition ae o choice was clear-cut in every case. 
containing tw were prevented by shifting the rack 
ay fore. o Yo water tubes and a center sucaryl o 
after thre, Sits. ‘Trials were massed and te i ne 
fe ct ao refusals of both tubes Pe 
each day: ogres seven concentrations was used 
gm/100 A pg 1.00, 1.33, 1.67, 2.00, and 3.00 
g or dor aad ore conn. were tested in an ascend- 
Parallel tae cee, for the human Ss was designed to 
emoon after a rae Testing was done in the late 
i trial conah i r. abstinence from food and water. 
ea a drop of ed in placing a drop of sucary] and 
asking ihe fe etn on the center of the pres ie and 
2 € order of ject, “Which one do you like better?” 
uman § A oe nea was varied randomly. Each 
oomai was gi randomly matched with a rat. Each 
tials and Pai 20 trials a day, but the number of 
; me as his cea used in the analysis was the 
tually, there ma thee oe had for the same day. (Ac- 
ac uals were coe ae ae 
d; e same seven concentrations was used each 


< ay. Two 
In Ss were i 
à descending, tested in an ascending order and one 


Re, 
sulis and Dis Pisin 


Figur 
n oe eee the percentage of the trials 
fach of th e human Ss and the rats chose 
The Over- i seven concentrations of sucaryl. 
{eher ihh: level of the human Ss is reliably 
dman Ree of the rats (p < .01). The 
scary, ihe rt out with a slight preference for 
in rats with a marked aversion. As 
Olce of aes of sucaryl increases, the 
wad reliap] tyl by the rats decreases sharply 
Pith the - The variation due to solutions 
Re drop = is highly reliable (p < .01), and 
4 also telih; solution 0.33 to solution 1.33 
ate BES ise le (b < .001). Similar results 
o Plimina cured on three additional rats in 
gdlitions ry study under slightly different 
8 show a, On the other hand, the human 
an initial rise and then a slight and 
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unreliable drift down in choi č: 

the concentration increases. The Bie 
to solutions with the human Ss is not reliable 
(p < .10), and there is no reliable differen 3 
between lower and higher solutions. However 
a similar downward trend after an initial i 
was also found in Experiment I; its reliability 
may be masked by large individual differences. 


SUMMARY AND CONCLUSIONS 


Human Ss judge weak solutions of sodium 
sucaryl as less sweet than a standard sac- 
charin solution, but as the concentration of 
the sucaryl is increased, it is judged as in- 
creasingly sweeter than the saccharin. The 
human Ss like the sucaryl about as well as the 
saccharin at low and moderate concentrations 
but prefer the saccharin to high concentra- 
tions of sucaryl. Control comparisons with 
sugar show that this is not due to an aversion 
for excessive sweetness per Se. 

Rats prefer the standard saccharin solution 
to water but prefer water to the three moderate 
concentrations of sucaryl which the human 
Ss like equally as well as the standard sac- 
charin. 

Tested in a comparable procedure, human 
Ss show a slight preference for sucaryl over 
water while rats show @ marked aversion for 
the sucaryl. As the concentration of the sucaryl 
is increased, the rats show a greater aversion. 

We conclude that rats and human Ss differ 
markedly in their relative preferences for sac- 
charin and sucaryl. This difference indicates 
that the taste mechanisms of the two species 
are different. This difference may be related to 
the thresholds for “gweet” and “bitter” stimu- 
lation elicited by sucaryl. 
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TTERNS IN INDIVIDUAL MAL 
v ICY OF SEXUAL BEHAVIOR PA 
Das FIG? FOLLOWING CASTRATION AND ANDROGEN THERAPY 


JEROME A. GRUNT? AND WILLIAM C. YOUNG 
Department of Anatomy, University of Kansas School of Medicine 


The effects of castration and subsequent 
treatment with androgen on the sexual be- 
havior of several species of male mammals have 
been described (1, 4, 5, 6, 9, 10, 11, 12, 14), 
but for the most part these studies have con- 
tributed little information bearing on the hy- 
pothesis that the pattern of sexual behavior in 
individual animals is strongly influenced by an 
inherent reactivity of the tissues mediating 
this behavior (2, 3, 15). Beach and Holz- 
Tucker (5) are among the few who related the 
behavior after gonadectomy and androgen 
treatment to that prior to the operation. They 
stressed, however, the effects of different 
amounts of injected hormone rather than the 
possible influence of the reactivity of the tis- 
sues, although Beach (3) in a review had pre- 
viously suggested that variation in sexual re- 
sponsiveness, in addition to being dependent 
on the amount of hormone, is influenced by 
the genetically determined reactivity of the 
nervous mechanisms mediating sexual arousal 
and mating behavior. Using different methods 


and the male guinea pig, we have obtained 
data supporting this suggestion. 


METHOD 


Two experiments were performed in which sex 
drive was measured by the method of Young and Grunt 
(16). When this is done, animals that achieve an aver- 
age score of 8.50 or higher for 10 tests are considered 
high-drive, those that fall between 8.49 and 6.25, 
medium-drive, and those that receive less than 6.25, 
low-drive. 

In the first of the two experiments each of 39 male 
guinea pigs, 80 to 150 days of age, was isolated. Start- 
ing 7 days later, 41 weekly tests of sexual behavior were 
begun. The first 10 tests were used to determine the 
score during the precastrational period. Following the 
tenth test, all but 10 of the animals, the intact controls, 
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were castrated. During the next 16 weeks no Te 
was given, and sexual behavior decreased toa a the 
low level, referred to as the base line. eames i 
twenty-sixth test, which was 17 weeks after cas jonate® 
22 of the castrates were given testosterone be 25 7 
daily by subcutaneous injection. They receive d507 
per 100 gm. body weight for the first 10 weeks, P e 
for the last 5 weeks. The remaining 7 anima astrate 
injected with sesame oil and served as the Ca 

controls. Š ed. 

In the second experiment 31 animals a ae 
They were divided into four closely matche ER pre- 
each having an average score of 7.8 during given: 
castrational period when the first 10 tests T the 
Following castration these animals were teste! ipning 
next 16 weeks when no therapy was given. HE 
the twenty-seventh week and for the ee daily 
weeks of the experiment, each group was injec ate pet 
with 12.5, 25, 50, or 100 y testosterone propion his 
100 gm. body weight and given weekly tea S deters 
range of hormonal dosages was used in order on 
mine the effect of different levels of hormone "+ the 
restoration of the sexual behavior characteristic 
Pprecastrational period. 

In Slee te data obtained from the a 
periments, it was necessary to make allowan nithert? 
feature of the method of scoring which has ten various 
been considered. The score is a composite a À Puzzling 
elements of the behavior pattern: nibbling, a lengt? 
mounting, intromission, ejaculation, and t d 


5 sana test a 
of the interval between the beginning of the t of 


o ex 


n 
ejaculation. It is conceivable that a large amon 
behavior of a low order, for example, nuzzlings | ue 
small amount of behavior of a high degree chang? 
intromission, might give the same score. I si corr 
in patterns of behavior rather than change hic! m 
would be more indicative of the extent to ¥ es tba 
behavior restored by hormonal therapy resem treated 
displayed prior to castration. The data were 


avio 
accordingly. Several elements of the sot i as an 
pattern were measured and the results plotte tag 


A i erci > 
point running averages. The elements are gor: percent 
of males achieving at least one ejaculation, ercenttt, 
age achieving at least one intromission, the Pg 


A n 
mounting at least once during the test period, g S 
length of the interval from the start of the | jatte" 
accomplishment of each of these acts. This o 
called the latency period. re P pa 
The animals used in both experiments men ti? 
geneous as to age, diet, the season of expe” e bal 
methods of handling, and general endocrin iis at ea 
as judged by the conditions of the individu ex s 
eginning of the experiment. They were Me™” if 


. t 
* Testosterone propionate was supplied bY 
tesy of Ciba Pharmaceutical Products, Inc. 
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aS teen i r fyen. 12.5 and 25y 
> significant di n hormone dosage did not 
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dieren Experiment ie to individual seen 
Ces in h ere not attrib 
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to n observation a al level. ppi 
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‘ tage ne A androgen th drive following 
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nting, an ane achieving tntsouiieten, 
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Ing castration. Within 


‘or more of te 


139 


2 weeks less than 20 per cen s 
ejaculated; within 4 ti 2 t bos! SS 
and within 6 weeks less than 2 per p Ka 
9 weeks after castration ejaculation was a 
erally eliminated. Occasionally, hig te 
individual may again become active and dis- 
play ejaculatory behavior. One male 15 weeks 
after castration showed intromission accom- 
panied by the indrawing of the flanks char- 
acteristic of ejaculation. With the start of 
androgen therapy, the animals regained their 
ejaculatory ability. By 2 weeks, approximately 
2 per cent of these animals ejaculated; by 4 
weeks, 10 per cent; by 6 weeks, 20 per cent; 
and by 8 weeks, more than 25 per cent. The 
percentage of animals ejaculating remained at 
this level until the end of the experiment; 
and although it was considerably below the 
precastrational percentage, it was the same as 
that of the intact controls of the same age. 
Doubling the amount of hormone after the 
thirty-sixth test did not increase the percentage 
ejaculating; in fact, there was a slight decrease. 
At no time during the period of androgen ther- 
apy did the castrate controls ejaculate. 

When the castrates given 25y followed by 
50y testosterone propionate were divided into 
three groups on the basis of the score prior to 
castration (Fig. 1B), it became obvious that 
there also existed wide differences in the abil- 
ity of these animals to ejaculate, and that the 
differences were closely correlated with the 
score. Approximately 75 per cent of the high- 
drive animals, 55 per cent of the medium- 
drive, and only 5 per cent of the low-drive 
animals achieved ejaculation. Following castra- 
tion, these percentages declined rapidly- Within 
one week the low-drive animals ceased to ejacu- 
late; the medium-drive animals followed sA 
by the third week; and by the ninth wees, 

a zcepti ioned above, the high- 
with the exception mentione ve, s 
drivé animals were no longer achieving ejacu- 
lation. With the a! inistration of the same 
amount of testosterone propionate P ch 100 gm. 
body weight, there was soon 4 ent 
into the same groups which existed Pr! 


rent dose Jevels of androgen 


castration. S 
When four diffe 
were maintained, 5 
ollowed (Fig 1 
ne prop! 
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ilar to that prior to castration; a fourfold te. 
crease did not affect the result significantly. 
A dose level of 12.5y was obviously Sibire 
hold, for in only 2 of 105 tests did animals 
with this dose level achieve ee 

When the percentage of animals reac Ing 
F a jected to analysis, it was 
intromission was subjected to f th 
found that approximately 85 per cent of the 
animals displayed this measure of sexua a 
havior during the precastrational period. Fol- 
lowing castration the per cent decreased to 0, 
but the change was not as abrupt as it was in 
the case of ejaculation. With therapy the in- 
crease in the percentage achieving intromis- 
sion was rapid, by the second week approxi- 
mately 15 per cent of the castrates had 
achieved intromission; and this percentage in- 
creased steadily until the ninth week, when 
more than 55 per cent achieved intromission. 

Changes in the percentages of high-, me- 
dium-, and low-drive animals achieving intro- 
mission were followed. As with ejaculation, the 
decrease to a base line following castration was 
rapid. With androgen therapy an increase was 
shown, the amount depending on the percent- 
ages of intromission prior to castration. 

The injection of different amounts of andro- 
gen gave results similar to those obtained for 
ejaculation. About 70 per cent of the animals 
reached intromission whether 25, 50, or 100y 
of androgen were given, whereas only approxi- 
mately 35 per cent of the animals given 12.5y 
did so. 

Mounting was seen at least once during each 

test in approximately 95 per cent of those made 
prior to castration (Fig. 2A). Among the in- 
tact controls, there was no decrease in this 
percentage during the 41 weeks of the experi- 
ment. Although castration decreased the per- 
centage, the rate of reduction was slow; as long 
as 31 weeks after castration approximately 
35 per cent of the castrate controls were still 
achieving at least one mounting per test. Treat- 
ment with testosterone propionate was fol- 
lowed by a prompt increase in the number of 
animals mounting; within 2 to 3 weeks the 
precastrational level was reached. 

When high- and medium-drive animals were 
compared, few differences were seen (Fig. 2B), 
Prior to castration almost all these animals 
mounted at least once during each test. Six 
weeks after castration decreases occurred; but 
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with androgen therapy both groups returned 
to a level near that maintained before castra 
tion. The low-drive animals behaved dine 
ently. During the precastrational period, a 
proximately 65 per cent of the animals moun as- 
at least once during each test. Following ¢ 
tration this proportion decreased to about a 
per cent; and during the period of andor 
therapy about 45 per cent mounted at 
once. - 
Even the smallest amount of injected met 
gen returned all the castrates to SDP ee f 
the level seen prior to gonadectomy (Fig. least 
The percentages of animals mounting at 1007 
once was about the same whether 12.5 or body 
testosterone propionate per 100 gm. 
weight was injected. intro- 
ae latent periods for ejaculation, oe 
mission, and mounting constitute @ pen J- 
the pattern of behavior and were studie tica! 
cordingly. The results were almost eT 
with those obtained from analysis of me ulat- 
bearing on the percentages of animals €)2¢ an 
ing, having at least one intromissio’ ancy 
mounting at least once per test. The knila 
periodsof the groups given therapy gereel eas- 
to those before castration. For all three ™ nate 
ures, 25, 50, or 100y testosterone ig mee 
restored the latency periods to about ve 5 
seen prior to castration. A dose of 12- tency 
completely effective in restoring the n for 
periods to the precastrational length 0” A - 
mounting. The supporting data hereon sup” 
marized graphically, and copies will 
plied on request. 5 the 
Examination of the data bearing ° one 
percentages of animals achieving at i Jeast 
ejaculation, at least one intromission, Jaten 
one mounting in each test, and the eg 1° 
periods, reveals that, as with the se by 
response to androgen is strongly influet ie be 
the reactivity of the tissues mediating st i 
havior. The evidence is perhaps clear <io™ 
ejaculation, slightly less so for int a o 
and least for mounting, but even in the Jo% 
of mounting, the sharp separation a thera 
and high-drive groups before and after 
reinforces this conclusion. 
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Da ont 60 per cent achieved ejaculation. 
mp e results were obtained when 12.5 

daily of the androgen were injected ‘ino the 
guinea pig. This amount of hormone ee 
scarcely enough to elicit ejaculation, but was 
sufficient to cause over 35 per cent of the grou 

to achieve intromission and to bring the eine 
group back to the precastration level of mount- 
ing. 
Confirmation is given to a suggestion by 
Stone (13) for the rabbit, that the time in- 
terval necessary to drop the copulating drive 
below the effective minimum for copulation 
varies directly with the strength of drive at 
the time of castration. In this work low-drive 
animals ceased to ejaculate within one week, 
medium-drive animals by the third week, and 
high-drive animals by the ninth week. This 
observation is not inconsistent with the state- 
ment that the high-, medium-, and low-drive 
animals decreased at the same rate. The score 
is a composite of several elements of the pat- 
tern, whereas ejaculation is but one of the 
elements. More important, the decrease for 


the high-, medium-, and low-drive males is 
from a precastrational level taken for compara- 
tive purposes as 100 per cent, regardless of 


the strength of drive. 
The data which are at variance with other 


species require comment. Those obtained from 
the guinea pig do not support the hypothesis 
that, within the normal limits of sexual ex- 
citability, castration depresses mating tend- 
encies least in the most vigorous copulators 
and most in the less active individuals (3). 

Rats display wide differences in their sexu: 
behavior after castration (4). In contrast, 
guinea pigs following castration soon showed 
a very constant low level of sexual activity. 
Beach and Holz-Tucker (5) state that the 
administration of 25 to 50y a 


to castrated male rats was follows 
sexual behav10! 


ficant increase in sexi 
75y testosterone PIP) ve 
increased sexua behavior above | 


fore castration. +P 
that increme 


between 4°: 


c 
once the t 
’ 4100y of the androgen per 


ch a 
pou ne modify the character of the be- 


owed by a signi- 
r. Doses of 
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havior significantly beyond that seen prior to 
castration. 


SUMMARY 


The display of elements of the sexual be- 
havior pattern of male guinea pigs, homoge- 
neous as to age, diet, and handling, was tested 
during the period prior to castration, after 
castration, and during a period when 12:5, 29, 
50, or 1007 testosterone propionate per 100 
gm. body weight were injected daily. Differ- 
ences between individuals were great and per- 
mitted a division of the animals into high-, 
medium-, and low-drive groups. Using the pre- 
castrational score as 100 per cent and the 
subsequent change as the per cent variation 
from this level, we find the scores of the high-, 
medium-, and low-drive animals decreased at 
the same rate to approximately the same base 
line. 

The decrease in the behavior following cas- 
tration, and the restoration of the precastra- 
tional pattern with androgen therapy, were 
noted. Provided 25y or more testosterone pro- 
pionate were given, the pattern was similar to 
that prior to castration; a fourfold increase did 
not affect the results significantly. A dose level 
of 12.5y was subthreshold for all the elements 
save mounting. The data support the hypoth- 
esis that the behavioral response to gonadal 


hormones is strongly influenced by the reac- 
tivity of the tissues. 
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Thi 

aw pre compares the performances of 

a an brain-injured animals on two di- 

Pan — of visually guided tasks. Such com- 

‘dwell sages fruitful for indicating the nature 

ae the generality of performance decre- 
which follow cortical assault. 


ANIMALS AND OPERATIONS 


Tw 
amma The of rhesus monkeys served in the experi- 
animals (Rie Be Group consisted of four intact 
Poral Group e F -7, RF-8, FT-1) whereas the Tem- 
Subjected E Saa of four animals that had been 
lobes re, RES, ig 2 les to the temporal 
complete aaco were performed in two stages under 
e desired = ic precautions. Unilateral aspiration of 
he second poet occurred in the first stage, and in 
tissue of ae age, about a week or ten days later, the 
tanner, To contralateral side was removed in the same 
Way of th all cases, the surgical approach was by 
oir apor neocortex. 
es coua, be ascertained at the time of opera- 
PPocampal er parts of the hippocampus and the 
The amygdale coe were removed at each operation. 
t exact yk eho escaped serious encroachment, 
hich ig beni on s must await histological analysis, 
is analytis will ly being performed. The results of 
‘The tn Sin be reported in another paper. 
Prior to re ers of the Temporal Group were operated 
efore the ving any formal discrimination training. 
both grou Present experiment was begun, however, 
trained ae were adapted to the test situation and were 
in difficulty series of six discrimination problems scaled 
thousan a rae involving a total of more than two 
ore s. The animals were thus well tamed and 
o routine testing procedures. 


tion, 


4 MULTIPLE DISCRIMINATION TESTS 
Cedure 


The ani 
T rewarded = aes groups were trained to select 
Objects. acne ers of a series of 315 pairs of stimu- 
other in e members of each pair differed from 
up eects wer many respects, and the successive pairs 
Bs constitutin, equally diverse in nature. The two stim- 
usy in fa & a problem were presented simultane- 
g Paratus ee of the Wisconsin General Test 
ay Tay b ith this device the animal confronts a 
earing the two test objects. One member 
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teg, This investigati : 
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of the pair of stimuli was arbitrarily desi 

correct, and its selection resulted in food peepee, ie 
animal. The individual test-trial procedures were iden- 
tical to those used in a number of studies reported by 
Harlow and his associates (6). A noncorrection pro- 
cedure was used throughout, and blinds were used 
appropriately to minimize experimental artifacts, 

Each problem was presented for six trials, and six 
problems were administered each day. The first five 
problems on any day were completely new to the ani- 
mals. After the fifth problem, either the first or the 
fourth problem on that day was reintroduced, but this 
time the previously unrewarded object covered the 
food. Thus, each day’s testing consisted of five new 
discrimination problems and subsequently one of these 
reversed. A total of 315 discrimination and 63 dis- 


crimination-reversal problems was presented. 


Results 
Figure 1 portrays the performances of the 
mporal Groups on both the 


Normal and the Te 
new and the old, reversed problems. The graphs 
show the average intraproblem improvements 


in performance at three stages of training cov- 
ering 21 days of testing. The upper panels of 
the figure apply to the new problems and the 
lower panels to the old, reversed problems. 
All curves show improvement in performance 
from the first to the sixth trial. The normal 
animals also show improvement in intraprob- 
lem learning from the early to the late stages 
of training, but no such improvement appears 
for the operated animals. This difference is 
most readily seen from the performances on 
the second trials of the new problems of the 
two groups at three stages of training. Whereas 
the trial 2 performance of the Normal Group 
increases from the first to the last training 
stage, the comparable score for the Temporal 
Group does not increase. Identical comparisons 
for trials 3-6 similarly show interproblem im- 
vement for only the normal animals. Such 
interproblem improvement has been termed 
the formation of Jearning sets (6). 
Performance of the Temporal Group on 
second time with reversed 


problems presented a | 
reward is depressed only slightly even though 


these animals attained an average of 75 per 
cent correct responses on trial 6 when these 


pro 
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problems were first presented. Normal ani- 
mals, on the other hand, continue to select 
the object rewarded on the initial presentation 
of the problem, trial 1 performance on the re- 
versed problems being only 25 per cent cor- 
rect during the first two stages of training. 
This transfer effect diminishes with further 
training, and a detailed analysis of the decre- 
ment in transfer by the Normal Group has been 
presented (11). Both groups learned to solve 
the reversed problems. The Operated Group 
performed less efficiently on these reversed 
problems than did the Normal Group during 
the final stages of training. 
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Fic. 1. Intraproblem learning of new and reversed 


problems at three stages of traini 
temporal lobectomized monkeys S ee a 


PATTERNED STRING PROBLEMS 


All animals previously described except RF-1 
participated in this phase of the experiment. 
The test requires the ability to trace a°chai i 
visually from its attachment to a food mo: al 
to a point within reach of the hand, ia 


Apparatus and Procedure 


The apparatus and procedures were simil 
described earlier, the major difference bein Ae E 
of a large board in place of the tray. At the edge of the 
board nearest the monkey was located a number of 
Ppl See to which the chains could be attached 
= patterns, composed of 2, 3, or 4 chains, were used. 
e particular patterns were selected from 


used by Harlow and Settlage (7) ee 


. The rewarded chain 


X 


A. J. RIOPELLE, R. G. ALPER, P. N. STRONG, AND H. W. ADES 


varied from trial to trial in a balanced order. The 
animal was given 25 trials per day on a particular 
pattern until it reached a criterion of 20 correct Te- 
sponses in one day, or until it had been given 150 trials. 


Results 


The patterns used and the percentage of 
correct responses on each pattern for the first 
day of testing are shown in Figure 2. In con- 
trast to the results of multiple discrimination 
problems, no systematic deficit can be foun 
for the operated animals on patterned string 
problems. Although an adequate range of diffi 
culty was covered by these tests, difficulty p°? 
se is relatively ineffective for differentiating 
the normal from the operated animals. per- 
formance of the normal animals was superior 


80) 
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@—— NORMAL GROUP 
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PER CENT CORRECT RESPONSES 
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Fic. 2. Performance on patterned string PY 
by normal and temporal-lobectomized monkey® 


oblem® 


f 
to that of the operated animals oP only E 
the problems. These interpretations aT? 4 o? 
out by the analysis of variance perform z 

the data.? This analysis revealed that wae a 


significant Source of variation was "jen 
Ae ean between operation an e 8 
his is interpreted to mean that ma 


tendency for the problems to be order? E 
0 

* Although detailed statistical analyses ee Do, 
ported in this paper, they were, nevertheless, per isc 
Any difference claimed in this report was SP etal 
beyond the 1 per cent level of confidence- 0 
Statistical analyses and tabular material of ent? ji 
ment No. 3907 from the American DocUh i gdvl, 


Tussitats, Auxiliary Publications Project, ingt?” fo' 
Ta Service, % Library of Congress, r 1 
“+ remitting $1.25 for 35-mm. microfilm iog] a 


6- by 8-in. Photocopies readable witnout © 


PERFORMANCE 
[ANCE OF TEMPORAL LOBECTOMIZED MONKEYS 
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eaming z the operated animals to form 
Patterned str €spite adequate performance on 
Plex nature ing problems points to the com- 
tempts to ma “visual association,” and at- 
bss le ay the nature of functional 
tal ervo & circumscribed insult to the 
Sofar ag Re System will be successful oe a 

g ha. he define the variables under- 
xperience ny ance. Learning sets arise fr 
Tet oe large number and wide E 
> are OEE A problems. Many prob- 
of H S per problem, the f bsp a 
A operated ania e failure on the part 
a stem from as to form learning sets 
ted at ara e e fact that problems are 
earned ; Pid rate even though they may be 


i i 
sio 1 suffici i 
> t À cehe fe are given in succes- 
i hat int i 
afi, roblems are at interferences might 
alternated rapidly one 


ted Other, į A 

luce > interfer 

= toficiens ences strong enough to 
a Proficie y. The following experiment 


T. ormed 
to c is . 
tocedure heck this hypothesis. 


t wa, 
S desi 
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er in, est the effects of 
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i 5 “5, FT-2 ania operated animals (RF-3 
Apt i trials in A patra operation) were first 
ater tha tion proble ccession on each of ten object 
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eh latin ae over-all levels of perform- 
; pa Soc be malia three main sources of 
ial 4 The ence, Order C in addition to experimental 
i dividual ieee with Animals, and 
€Scribed Pale procedures were iden- 
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ber of successive trials occurring in a single 
problem presentation. Inspection of Table 1 
reveals that the number of times a particular 
problem is presented before going on to the 
next problem is not a significant factor in de- 
termining performance either for the normal 
animals or for the operated animals. For neither 
group did the variance due to rate of problem 
alternation attain the usually required levels of 
significance. 

The two significant sources of variation were 
Sequence and Order-Animals. Significant dif- 
ferences between individual animals are to be 
expected but are of little theoretical interest. 


The effects of Sequence are shown in Table 2. 
From this table it is seen that successively 


TABLE 1 


Total Errors per 120 Trials As & Function 
of Trials per Problem 


` 1 2 3 6 
GROUE TRIAL | TRIALS | TRIALS | TRIALS a 
Temporal 27 31 13 76 | 9% 
Normal 9 7 8 9 33 
TABLE 2 


er 120 Trials As a Function 


Total Errors p 
Day Test Periods 


of Consecutive Two- 


PERIOD 
GROUP 
First Second Third Fourth 
Temporal 53 18 16 10 
Normal 18 6 4 5 


h succeeding 
performance 
t the eight 


rere made on eac 
Tn other words, 
e throughou 


fewer errors W 
pair of test days. 
continued to improv 


test days. 
DISCUSSION 


ndicate that temporal- 


The present results ind) 
{ibertantined monkeys failed to et morg 
learn discrimination problems, bari je o 
formance On patterned string poe see 

t a à 

a ao a Jes of visually 
mals. a 

guided tasks were presented, = 
animals showed loss 0 — at 
fact that the operated anima ae 
problem improvement suggests t 
ated animals gain from specific expene 


of these. The 
ibited intra- 
t the oper- 
nce but 
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not benefit from the broad experience with 

aes of problems that is significant for the 

ion of learning sets. 

Sas in = eee on patterned 
string problems has been shown for a variety 
of cortical lesions. Temporary loss was we 
tained by Settlage (12) in animals subjecte 

to bilateral invasion of the occipital lobes. 
Corresponding loss was found by Harlow (5) 
in unilateral occipital-lobectomized animals. 
The dependence of initial postoperative per- 
formance upon the degree of intactness of the 
visual field is further reported in a joint publi- 
cation by these authors (8). Their partially 
hemidecorticate monkeys showed more pro- 
found loss than was shown by monkeys sub- 
jected to bilateral invasion of the frontal re- 
gions. 7 

Decrement in performance in such tests by 
temporal-lobectomized animals has been de- 
scribed by Klüver and Bucy (9, 10). They 
point out, however, that their animals re- 
sponded indiscriminately to the strings, and 
probably did so irrespective of the particular 

string patterns. The animals of this experiment 
did not display this compulsive behavior and 
their proficient performances reflect responses 
to a well-differentiated field. 

The extent to which the failure to form dis- 
crimination learning sets is specific to injury 
to the temporal lobes is, of course, impossible 
to say in advance of additional experimenta- 
tion. Data are available, however, which indi- 
cate that monkeys subjected to partial hemi- 
decortication can form effective learning sets, 
and do so at a rate comparable to that of nor- 
mal animals, although the general level of 
performance is lower (6). Furthermore, these 
same animals form pattern-discrimination 
learning sets even after additional surgical 
removals of frontal and posterior association 
areas on the contralateral sides (13). “ 

An increasing number of studies (1, 3, 4) 
as well as other unpublished data from this 
laboratory point to the importance of the in- 
tegrity of the temporal lobes for certain visually 
guided tasks despite the physiological remote- 
ness of these regions from the primary visual 
projection area (2). All these studies show 
differential rather than uniform loss and point 


to the multivariate nature of visual perform- 
ance. 
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SUMMARY 


1. The performance of normal ed. 
visually guided tasks was compared with t p 
of temporal-lobectomized monkeys. The i 
erated animals were able to learn specific E 
crimination problems but were unable to en : 
them rapidly even after 200 to 300 such pro i 
lems. The normal monkeys progressively me 
proved in the ability to solve such prob 
The operated animals thus failed to form lea 
ing sets. 

5, There was no evidence of a general o 
in the ability to solve patterned string Pt° 
lems by the Temporal Group. F i 

3. A further investigation designed to wa 
uate the extent to which rate of problem He i 
entation affected performance on mu a 
discrimination problems revealed that tere 
ral-lobectomized animals, like normal amım ed 
performed as well if problems were ciang if 
after every trial as after six trials, at leas a 
both groups of animals had 25 trials’ P 
liminary training on each problem. sete 

4. It was concluded that these animals Y Pak 
unable to benefit from extensive past wed a 
ence, experience which is only indirectly 
lated to problems engaging their activity: 
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THE INFLUENCE OF BEHAVIORAL FACTORS ON THE INCIDENCE OF 
AUDIOGENIC SEIZURES IN RATS! 


WILLIAM J. GRIFFITHS, JR. 
The University of Mississippi 


In 1942 Lindsley, Finger, and Henry (3) 
reported that rats, ordinarily susceptible to 
epileptoid reactions when stimulated with high- 
frequency sound, failed to have the seizures 
or to evidence EEG and EKG patterns char- 
acteristic of the fits when they were lightly 
bound and held close to the source of stimula- 
tion. At that time the present author (2) 
found that allowing susceptible animals to 
make a response just at the point of seizure 
onset resulted in a failure of the fit pattern to 
appear. Subsequently, Marcuse and Moore (4), 
in the course of studying the heart rates of 
rats during the comatose stage of audiogenic 
seizures, made the following comment: “. . . it 
appeared to the experimenter that the rat’s 
attempts to bite the electrodes and his fre- 
quent tangling in the wires restricted the fre- 
quency of the seizures” (p. 518). 

The present observations were made on 40 
domesticated Norway rats in connection with 
a study of EEG and EKG patterns obtained 
during sound-induced convulsions. All the ani- 
mals were known to have audiogenic fits more 
than 50 per cent of the times tested when ex- 
posed on alternate days, for a period of one 
month, to 2 min. of stimulation with a 110- 
v. electric bell. 


METHOD 


A Garceau two-channel electroencephalograph was 
used to obtain brain and heart records from animal Ss 
during audiogenic seizures. Small silver disc skin elec- 
trodes were fixed with collodion over the frontal and 
occipital regions of the shaved skull. Similar electrodes 
were placed on the thoracic cage. The EEG and EKG 
records were taken in an electrically shielded’ sound- 
proofed room according to the following procedures: 


Procedure A 


Ten rats were confined in a modified Carmichael 
sock (1) while brain and heart electrodes were fixed 
in position. This device consisted of a funnel 12 in, 
long constructed of coat-hanger wires. The narrow end 
of the funnel was formed by bending the wires into 
hooks which were fitted into a rubber-lined brass ting 
14 in. in diameter, At the open, wide end of the funnel 
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the wires were bent into hooks which were pated 
through the upper part of an athletic sock. Te q A 
hanger wires were kept in the shape of a funnel t a fo 
interlaced thongs; sufficient “give” was allowe on- 
enable electrode placement while the animal was °F” 
fined in the sock. The animals were run into the a ; 
their teeth “looped” over the rubber-lined brass ee 
and the sock opening squeezed shut behind thems vere 
coat-hanger wires over head and thorax r paon heart 
forced apart and electrodes placed over brain and ie on 
regions. The subjects were then placed individua! ic 
a wooden frame 13 in. by 17 in., the bottom of ee 
was composed of hardware cloth. A circular a ard- 
in. in diameter, constructed of fiber board and Gade 
ware cloth was placed over the animal. The elec s 
leads from heart and brain areas were passed m e 
the hardware cloth and their jacks connected ga avy- 
junction box of the electroencephalograph. A i to 
duty electric bell activated by 110 v. was hung the 
10 in. over the stimulus chamber and served ie for 
source of auditory stimulation in testing the T3 
sound-induced convulsions. 


Procedure B 


i i ily 

Ten animals were subjected to treatment, P place 

to that described above with one exception. je Jace- 
of confinement in the sock during the electrode P f, 


€ A uring 
ment, they were given a familiarization perio ht int? 
which time they were handled, stroked, broug d 


P e ate 
contact with the electrodes, etc., until they toler? e 
Ss, etc., th 


placement of the electrodes while being he by 
experimenter. 


Procedure C 


ode 
‘Ten rats, restrained in the sock during mer 
fixing, were placed for auditory stimulation in @ uipPe 
Proofed Pine box, 20 in. by 20 in. by 14 in, ea ecttiC 
with a glass top for observation purposes- fad plec 
bell was fixed inside the box 8 to 10 in. overheac’ 4 of 
trode leads were passed through holes in i “unc? 
the stimulus chamber and connected with the 


box of the electroencephalograph. 


Procedure D 


Ten animals were subjected to procedure’ riga ell 
the exception of being given an electrode ae ow 
period in place of the sock confinement P™ 
stimulation in the pine box. ; 
Each rat used as an S in the foregoing P 
was exposed to bell stimulation for 2-m!n- ie 
alternate days for a month while attempts je t 
to obtain brain and heart records during Aa 
seizure states. In taking EEG and EKG i 


: n 
attempt was made to record during the viole 
attack which preceded the seizures. 


roced of 
erio mods 
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RESULTS marked by violent clawing at the head and 
When the anim 


als were subj _ heart electrodes, shaking, biting, and scratch- 
ee A, they showed me. he ce ing at the leads and areas where n rae 
EEG eid nor the rather characteristic were fixed. These responses eee ae 
them a EKG patterns which accompany hanced in number and tempo w 
"©" Upper portion of Figure 1 shows the stimulation was given. 
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: : . ‘ce a portio 
ng a 2-min. stimu- rats used in P” S i 
0107 Of the po the electric bell. The fre- genic fits. Pige n and the eleen aT 
A Der seo pain discharges ranged from electroencephe © ng the audiogenic EA 
Per sec, At of the heart ranged from gram taken CU! s for the brain discharg 


; $ 
€ responses of the Ss were frequency V4 
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on. he upper portions of the Tacne, e 
: 2 , 
2 to 4 per sec. while those for 
po on ee lower portions of the records, 
3 to 4 per sec. . 
ari the ten animals subjected to pro- 
cedure C showed complete-pattern audiogenic 
izures (2) in excess of 50 per cent of the times 
eel Two animals showed fits Sie ae re d 
( 5 f the times tested), 
han 50 per cent o t i 
o rats failed to show the seizures during 
= of the tests. The EEG and EKG records 
of 7 atals showing the fits resembled, in gen- 
se Figure 2, whereas those taken on animals 
failing to show the fits resembled Figure t 
Use of procedure D resulted in all subjects 
showing complete-pattern audiogenic convul- 
sions. The electroencephalograms and elec- 
trocardiograms were characteristic of the seiz- 
ure state. 


DISCUSSION 


It would appear from the foregoing observa- 
tions that a central factor influencing the in- 
cidence of convulsions in response to sound 
stimulation is whether or not the animal’s 
environment permits it to engage in manipula- 
tive behavior during the stimulation. In no 
case did the convulsions occur when the Ss 
were “working” on the electrode leads during 
the bell stimulation. Our observations indicated 
that the hardware cloth chamber was better 
adapted to the manipulation of the electrode 
leads, plates, and attachment areas, on the 
part of the Ss during auditory stimulation than 
was the wooden bell box. The latter chamber, 
because of the location of the holes through 
which the electrode leads ran to the junction 
box, made it difficult for the animal to bite or 
otherwise manipulate the electronic equipment 
and still remain on its feet. Likewise, less of 
the electrode leads were exposed when the rats 
were in the pine box than was the case when 
they were stimulated in the hardware cloth 
chamber. It was particularly noted that those 
animals failing to show the fits when stimulated 
with the bell in the pine box succeeded in main- 
taining a stance enabling a degree of freedom 

for biting, pulling, and otherwise manipulating 
the electrodes and their leads. 

It would seen a reasonable hypothesis that 
allowing the Ss to acclimate to the electrodes 
resulted in a reduction of the manipulative 
behavior described above, which in turn was 


related to an increase in thô incidence of audio- 
genic convulsions. 
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Further study regarding the optimum en- 
vironment for incidence of sound-induced con- 
vulsions in relation to opportunity for behavior 
or response is indicated. It may be, for iostan 
that the general failure of the conflict met! E: 
in the experimental production of conva 
in rats (2) is due to the fact that the metho E 
allows the animals to make responses A 
tinually even though the responses themselv 
may be inadequate for problem solution. 


SUMMARY AND CONCLUSIONS 


Several reports (2, 3, 4), in the literature a 
audiogenic seizures in rats have amen 
in an incidental manner, that susceptibi ‘a 
seemed to be affected by the degree to W. us 
an animal’s environment permitted a 
and/or manipulative behavior during § 
lation. i 

In connection with the study of bra z 
heart discharges during sound-induce ated 
vulsions, we observed in 40 Ss of ner e 
ceptibility to audiogenic seizures conside dif- 
variation in seizure incidence attending id 
ferent procedures for EEG and EKG 1e ulus 
ings when two differently structured stu” 
chambers were used. acident? 

The hypothesis was suggested that ne to 2 
of seizure susceptibility was dependen e be 
degree on the amount of manipulativ al 
havior in the form of biting, scratching, by 
pulling at electrodes and leads permitt r was 
the manner in which the stimulus chambe 
constructed. 

It was further suggested that acc pt 
the subjects to use of the electronic equ ioh 
cut down the amount of manipulative be and 
displayed during the auditory stimulatie of 
resulted in an increase in the incide 
audiogenic seizures, 


jimatine 
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TH rE 
E EFFECT OF ELECTROCONVULSIVE SHOCK ON FOOD INTAKE AN 
HUNGER DRIVE IN THE RAT 


ALLAN F. MIRSKY anp H. ENGER ROSVOLD? 
Depariment of Psychology and the Laboratory of Physiology, Yale University 


manny Studies have used food-motivated 
convulsive = to assess the effects of electro- 
tention, T shock (ECS) on learning and re- 
that “i oe have generally assumed 
only from a maze performance results 
ral functin e effects of the shocks on the cere- 
tion, Howe ns subserving learning and reten- 
a result of ‘ie , if hunger drive is decreased as 
may eae ock, an impairment in performance 
fects, ‘Th  eeenteny of the cerebral ef- 
fected aa hunger drive may indeed be af- 
and ee in the studies of Bernberg 
alterations a and Stainbrook (6), who report 
ollowine In the eating behavior of the rat 
Studies 3 a series of ECS’s. Neither of these 
a Wise ae was designed specifically for 
on unger oo vestigating the effect of ECS 
considers” reported here did so, two chief 
Plan, First ns determining the experimental 
Son (8) ch oo Miller, Bailey, and Steven- 
lesions in th emonstrated that in rats with 
intake ig boo hypothalamus increased food 
dtive, and sociated with decreased hunger 
implicated mae Hoyt and Rosvold (5) had 
EA he hypothalamus in the effects of 

the dete os necessary to measure separately 
tive. i ECS on food intake and hunger 
Cteased activ? ECS in the rat results in de- 
WO: Wave. ivity which may affect eating in 
food; Phe an inactive animal requires less 
Subject = ea of consuming food may be 
locomotio the same reduction as is spontaneous 
ade eee ore activity measures were 
avior, nt with the measures of eating 


Animals METHOD 


Twe 

nty- 

Drague- Dawe 160-day-old male albino rats of the 
Separate , ley strain were housed individually either 
ak cages or in activity wheels. They were 


“ighed 
and then fed at the same time each morning 


Upp 
Ve ean rae was supported by a grant from the 
2 The dministration, No. VAm 23379. 
for eee oe indebted to Dr. Neal E. Miller 
Oh irese ing facilities for this experiment and advice 
Stions of design. 


on dry powdered Purina Laboratory Chow from con- 
tainers designed to eliminate waste. Water was always 
available. They were placed at random into one of two 
main groups, one of which was allowed to feed ad libitum 
and the other of which was kept at 85 per cent of weight 
Six animals in each group were shocked; five in each 
group were maintained as controls. 


Shock Procedure 


Electroconvulsive shocks were administered one each 
day for ten days. The shocking apparatus was that used 
by Rosvold (9) and delivered 50 ma. for 0.2 sec. through 
ator clip electrodes attached to the ears, the clips 
being soaked in sodium bicarbonate solution before use. 
This equipment invariably produced a generalized 
convulsion of the type described as tonic-clonic. 


allig 


Measure of Food Intake 

lib. group (V = 11) were 
allowed to feed ad libitum throughout the experiment, 
food intake being measured daily. Daily body weights 
were used as an additional measure of food intake since 
in the adult white rat measures of body weight tend 
to be more stable than those of daily food intake. 


Measure of Hunger Drive 

used as a measure of hunger drive 
ly stable measure of hunger and is 
any enfeeblement of the animals 


that may be consequent upon the shock treatment. 
However, it requires that for effective performance the 


i e food de rived. Accordingly the animals 
es of this ani were kept at 85 Æ 2 per cent 
of weight by adjusting amount of food. These deprived 
animals were trained under conditions of partial rein- 

ress a bar, and after preliminary training, 
he bar-pressing apparatus three times 
ding. The apparatus 


veek r. before daily fee e L 
me A ur bar-pressing cages in which the ani- 
mals were tested for 20 min. and was SO ear that 
the animals could, by pressing the bar, get foo! l every 
3 min. in the form of a pellet weighing about 0.04 gm. 
The number of times the bar was pressed was counted 
automatically. The animals in the four cages got their 
pellets 45 sec. apart, and the order in which the cages 
had pellets delivered to them was different from session 


to session. 


Measure of Activity 
The way in which eating may be affected by changes 
in activity was specified above. This requires that meas- 
utes of activity be obtained on the food-intake group. 
It is clear, however, that the rate of bar pressing also 
may be affected by such changes. Thus, activity was 
measured in both the .ood-intake and the hunger-drive 


The animals in the ad 


Bar pressing was 
since it yields a fairl. 


not likely to reflect 


153 


* 454 


ou Dashiell-type wheels with drums ei bo Ca 
diameter and tracks ea ia re = Lape ates 
tached cage 5 in. by 6 in. by 10 in. at to 
zheel at any time. Since only 16 activity 
oie dase he the animals were rotated oe 
the cages so that each coe ves oe one of two activity 
of eve! ree. : 
ee ai of ndeptition to this rotation 
scheme, measures of food intake, body a nd 
activity were made for ten days prior to sl wi He 
addition, five bar-pressing tests were made on F 
per cent of weight animals. These measures serve asa 
base line against which were evaluated postshock varia- 
tions. During the shock period and for 23 days post- 
shock these same measures were obtained daily for all 
animals. In addition, bar-pressing tests were given to 
the 85 per cent of weight group three times weekly for 
a total of ten postshock measures. 


Measure of Food Intake in Hunger Drive Group 


Because the results showed opposite trends in the 
two experimental groups, i.e., increased hunger but 
decreased food intake, the hunger-drive animals were 
taken off the restricted diet after ten bar-pressing meas- 


TABLE 1 
Experimental Design 
par | 85% | gg if 
GROUP N |suock|press- ae 5 F activ.| $ A 
mwe | wr. | 9 8 3 
Hung. drive shock | 5| x*| x x x x 
Hung. drive control] 6 x x x x 
Food intake shock | 5| x x x 
Food intake control] 6 x x 


Total | 22 


* X signifies the presence of a particular treatment fora group. 
ures postshock had been obtained and allowed to feed 
ad libitum for seven days. The amounts of food eaten 
daily were measured. This procedure permitted, on 
the one hand, a comparison between measures of eating 
and hunger drive in the same group, and on the other 
hand, a comparison between measures of eating in the 
two groups. It was predicted that the ad lib. feeding 
of these deprived animals would reflect the same trend 
as the bar-pressing tests. 

The experimental design is summarized in Table 1. 


RESULTS 
Food Intake 


Table 2 shows the average total food intake 
of the ad lib. animals in relation to the schedule 
of shocks. It is clear that electroconvulsiye 
shock decreases food intake in the ten days 
immediately after the series of shocks. This 
same trend is reflected in the body-weight 
differences illustrated in Figure 1.3 The loss 


? The difference during the shock period is somewhat 
obscured because an infestation necessitated animals 
being dipped in oil, on the second day of shock. This 
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in body weight of the shocked animals was 
never completely recovered during the re- 
mainder of the experiment. For the 23-day 
postshock period as a whole, there is no Bar 
ficant effect on body weight or food intake 
although there is usually a small cere 
favor of the controls. The finding that EC ; 
in these animals fed ad libitum has the gee 
of decreasing food intake and body Megs 
corroborates a preliminary finding of the a 
thors in a study in which the rats were 
for 1 hr., sufficient time to permit a ie 
maintain weight, and deprived 24 hr. befo 


TABLE 2 cious 
Average Total Food Consumption Food Intake Gr 


Before and After Shock 
TOTAL 
= -23 
0 AYS 1-10 | DAYS 11-23) pays 1 
me POE ARDOR, POSTSHOCK| posts HOCÉ 
fe eS 
5.5 gm 
Food intake 215.2 gm. | 206.8 gm. | 318.7 gm. | 52 
shock sias mm 
Food intake 212.0 gm. | 242.7 gm. | 310.8 gm. 
control 1.47 
t +300 2.54 .670 F 
$ >.70 <.05 >.50 


MEAN BODY WEIGHT -GMS. 


DAYS OF EXPERIMENT sip 
Fic. 1. Body weight of food intake 81° 


E tudy 
bar-pressing tests. In this preliminary $ 


th 
the shocked animals pressed the bar less 


the controls following shock. 


Hunger Drive na 
s i 2 dem? 6 
The bar-pressing curves in Figure eas 


; ine! 
Strate that the effect of shock is to ” 


web e 
had the effect of reducing food intake and pe ode 
in both groups. Nevertheless, that shock docs P's ipa 
a decrement in weight is evidenced by 
the greatest loss in weight incurred by 
approximately 20 gm., and they returne the ~it 
Pre-oil dipping weight after 8 days wheres cove” che 
group lost as much as 40 gm. and did not i f sb° 
preshock weight until 19 days after the ons¢ 


ECS, FO E 
7 OD INTAKE, AND HUNGER DRIVE 1 
; 39 


1 
i Starly motivati 
mmals as meas 

nse 


The 1 of 
the di 
T jest ie, arenes between the averages 
aa ures postshock a roach 
1.95, p < .10). oeer 


en the oris; 
Original s 
Y Means of a aa cores are taken into account 


on i 
ae food in the deprived 
y this instrumental re- 


f A 
the difference between the 


Preshock 
“pos Ras 
a basis of aie differences (calculated 
fi € tests Postshe tests preshock and the ioe 
| {cantly superi ock), the shock pre 
o< 02) Perior to the conto (i PETE 
N a s ( = 3.24 
He time t l 
Mated, t he bar-pressing m z 
there g measures were 


bar a indication that the 
E in the shock group 
e: ast to the shock group. 
ited a fairly stable level 


i 
Sek level of 


as level; 
th eling o 
€ contro] aon 


MEAN BAR PRESSING SCORE 
w 
o 


F 


IG, B 
of 2. Bar press PRESSING TESTS 
Coy Drege: ng of hunger-drive group 
Tse Sin, 
of & perform 
a 
co € experiment nce throughout the 


I ta, e 
k 1 
n Hunge D; ‘ive 
n r Dr Group 


Dut -eN th 

to e85 

inima) a lib od of weight animals were 

Enoi g, the depri 

ata ( E 2.195, cantly more cae n 

ve that a E for one tail). These 

| X is erence j 

! trene. animal pe and ad wie =i 

€asures S not an artifact of he dif. 

ne : er Sent of weno measures pon 

+ Oc] ive jg - ont gr indi 

Ags in anima) 1S arae A eae a 

4, Shock S. This is nae ete 
a ed rats Opposite to the find- 


Toiy, o ibi 
a Ly n an ad libitum schedule. 
0. er 7. 
Wheth, drive yoy 
€r the $ °”Ż- The question arises as 


crea: ` 
se in bar pressing of the 


shocked animals merely reflects a rise in their 
activity level rather than increased hunger 
drive. The activity measures SET 
Table 3 indicate that this is not the case 
The differences between the activity ne 
of the 85 per cent of weight shock and control 
groups do not approach significance either be- 
fore or after shock. Furthermore, the activity 
of the 85 per cent of weight shock group is not 
significantly different from that of the con- 
trols in the postshock period, as compared with 
the preshock period, while its bar-pressing 
scores are greatly increased as compared with 
the preshock period. Tt would not be expected 
that shock would act to increase activity since 


TABLE 3 

k Activity Measures, Hunger 
d Intake Groups 

f mean drum 


Average Pre- and Postshoc! 
Drive and Foo 
below are in terms 0 


(The measures 
revolutions per day) 


10 DAYS) 23 DAYS, 
GROUP N | PRE- t > post- | # ? 
SHOCK SHOCK 
Hung. drive} 5 4592.6 5368.3 
shock 1.12 | <.30 „526| >.60 
Hung. drive, 6 | 2873.7 4473.5 
control 
Food intake] 5 604.8 305.2 
shock „448| <-60 1.03 | >.30 
Food intake 6| 500.5 468.8 
control 
ea ae 
Food intake] 5 309.6 
shock pre- 
st Dif-| 
pee š 1.87| <-10 
Food intake} 6 31.6 
control pre- 
post Dif- 
erence 


and Winder. (11) report that the 
ck is to decrease spontaneous lo- 
ity. It would therefore seem a 
hax pressing of the shock group 

sofa c 


Stone (10) 
effect of sho! 
comotor activ. 


the increased 
inable in term 


is not explaina a 

increase in activity leve here is no 
$ efore shock t Ge 

Food-intake group. P en the shocked and 


iønificant difference f 
ie, an ad lib. animals. polowie ane 
the shocked animals are less ae ey ae 
ference betwee? the pet an a pan 
ferences @ roache' jgnl i 
the atest Stone (10) and Winder (11) 

es of the ad lib. group are 
ous 


measur 


The activit. 
7 able to the 


more compa: 
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workers since previous studies used ad lib. 
a indicate that there is no simple 
relationship between activity and ag } i 
the shocked rat. Whereas the activity o. a 
ad lib. shocked animals decreased when t io 
food intake decreased, it remained lower oa 
the duration of the experiment, after the TE 
ferences between the food-intake scores of the 
shocked and control animals had disappeared. 
Furthermore, the changes in hunger shown by 
the 85 per cent of weight shocked animals did 
not parallel the changes in activity (as com- 
pared with the controls). It may be that hunger 
and activity in the shocked rat vary together 
when at first both fall below the normal level 
but that this relationship is not maintained 
in time and does not obtain for levels of hunger 
drive above normal. 


DISCUSSION 


The results of this study indicate that the 
experimental manipulation of feeding, insti- 
tuted to permit the study of hunger drive and 
food intake separately, resulted in two differ- 
ent effects of shock. When animals were main- 
tained on a diet that kept them underweight 
by a constant amount, shock acted to in- 
crease motivation for food as measured by 
bar pressing and subsequent ad lib.-feeding 
tests. If the animals were allowed to feed ad 
libitum, however, the effect of shock was to 
decrease motivation for food, as measured by 
food intake, for some time after shock and to 
produce a long-lasting, albeit insignificant, dec- 
rement in body weight. 

These results have relevance for the studies 
of the effect of shock on maze behavior where 
food reward is used as the motivation to per- 
form. Since it is generally agreed that habit 
strength is a function of hunger drive, a rat’s 
maze performance will depend in part ôn hun- 
ger drive. If shock produces only the two ef- 
fects described above, shocked animals that 
are underweight would be hungrier than con- 
trols, and would therefore perform better. Sim- 
ilarly, shocked animals that are allowed suff- 
cient time to eat to permit them to maintain 
weight and exhibit some daily gain would be 
less hungry than controls and therefore per- 

form less well. However, the water-maze be- 
havior of the convulsed rat (2, 3) indicates that 
shock also acts to produce a deficit in perform- 
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ance that is independent of hunger. This would 
suggest that in addition to its effect ou bane 3 
drive, shock also affects motivation to esc r 
from water. However, it is probably simple 

to assume that shock somehow acts to ra 
learning or retention generally. Thus, 12 d 
shocked animals whose diet has been zeskit 
the increased hunger and impairment arp 
ing would tend to cancel each other, anı f the 
performance might not differ from that T T 
controls. In ad lib.-fed animals, honeen 2 

drive and learning capacity would be re ae 
following shock. The combined effect 0 

two would be to worsen performance. dies 

It would be expected, then, that in Be “ 
in which shocked animals were deprive nd 
food, a deficit in maze performance rae | ail 
have been observed. Conversely, in stu 5 io 
which the shocked animals were allowe tain 
feed ad libitum or sufficiently to ee 
weight, an impaired performance may fects 
been observed. The literature on the se this 
of ECS has been examined in the light oF © 
formulation. 

The following two studies appe 
firm directly the above hypothesis. 
(1), working with the Stone multiple 
reports that rats given convulsive $ 
significantly inferior to controls in nu 
errors. Using a closely similar maze, 
unit elevated multiple-T, McGinnies ve any 
ported no significant increase in errors Ther? 
time on the part of his shocked animals. e two 
are a number of differences between ee debe 
studies. However, McGinnies, who 8 weight 
cit, kept his animals at 85 per cent of W“ no 
throughout the experiment. pene fot 
found a deficit, allowed his animals to j 
1 hr. (sufficient to maintain weight) 10 a 
daily training and in fact reports be „trol 
shocked animals ate less than the © 
following shock, 

The following two studies offer les* 
confirmation, but the general trend o 
Sults is consistent with the present #5 
Horowitz and Stone (4) report that the 


r on- 
ar to ¢ 
Bernber& 
-T maze 
hock at 
mber ° 


the 


giret 
gte 


thermore, in the learning of a new ari 2a 
this 10-day period, no difference cou sf 
cerned between the two groups. Hor? a 
Stone concluded that full recovery 


el ; 

: ee shock (as measured by this habit) 
his og within 10 to 50 days after shock. 
findin sa is not in agreement with the later 
sho ‘a Braun, Russell, and Patton (2, 3), 
and ae A significant impairment in learning 
ays ee immediately after shock and 90 
(lsh on Braun ef al. used a water maze 
Beiden? f 1) ‘sp that their results are inde- 
ever, H 9 changes in food motivation. How- 
and ‘nes and Stone used food reward, 
eo feeding is described as “a daily ra- 
each nine eee a slight gain on the part of 
ment” (4 al during the course -of the experi- 
this, in as 15). In young growing animals 
us, it ect, was restricting their weight. 
ungrier nd be that the shocked rats were 
Period sin han the controls in the postshock 
asting in ce the present study indicates a long- 
animals crease in the hunger of food-deprived 
have eins se The added motivation may 
in perform e effect of obscuring their deficit 
e Braun a This is not a consideration in 
ey used’ ussell, and Patton study because 

t has cc water maze. 
Ported in pr shown how the phenomenon re- 
Search on ECS paper relates to previous re- 
differences È S and may be used to reconcile 
| Vestigators meen the findings of various in- 
Eiee he implications of this are two- 
Necessary » in terms of methodology it will be 
Vated resp in any ECS study where food-moti- 
| the soadte are involved, to specify exactly 
ation, ie of feeding, for this affects moti- 
Performance in order to compare validly the 
N any sit, ce of shocked and control animals 
the eee it must be demonstrated that 
is measur el underlying the behavior that 
8toups, ed are really comparable in the two 
Volves rel Oreover, in any research that in- 
ntio ating behavior to physiological in- 
injection such as cortical extirpation, drug 
tion and convulsive shock, oxygen depriva- 
Emonst the like, the treatment should be 
for "strated not to affect motivation to per 
efore changes in performance are at- 


trib 

nby: 5 

tio ted to impairment of some other func- 
n, p! 


h SUMMARY 
an investigation designed to study the 


ec = 
t of shock on eating behavior in the white 
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rat, it was found that animals that were kept 
at 85 per cent of weight during and after shock 
showed a significant increase in hunger in the 
postshock period as measured by bar pressing 
and subsequent ad lib.-feeding tests, whereas 
shocked animals that were allowed to feed 
ad libitum showed a long-lasting decrement in 
body weight and activity and ate significantly 
less during the first ten-day period postshock. 
The relevance of this finding for previous stud- 
ies of shock was indicated, and the necessity 
for studying the effects of physiological inter- 
vention on motivation was stressed. 
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EDITORIAL NOTE 


The article entitled “Effects of Cortical Lesions on Maze Retention by the Rat” by Burton 
S. Rosner in the February 1953 Journal of Comparative and Physiological Psychology, pages — 
56-60, contained a footnote (Footnote 3) stating that Table 3, an analysis of thalamic degenera- — 
tion and subcortical damage, had been deposited with the American Documentation Institute, 
but that it had been lost by the ADI. We are happy to report that the ADI has now found 
the missing table. To obtain the table, order Document 3929 from the ADI Auxiliary Publica- 
tions Project, Photoduplication Service, % Library of Congress, Washington 25, D. C., remitting 
$1.25 for microfilm (images 1 in. high on standard 35-mm. motion picture film) or $1.25 for 
photocopies readable without optical aid. 5 
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Named swimming maze provides a 
ented b n which motivation to escape is aug- 
BE au ba an inexorable need of oxygen. Thus 
mathe ncy to reach an exit where normal 
upon he can be resumed is superimposed 
Th this Be escape-from-water incentive. 
tS a de ly the problem to be investigated 
“drive? Pe e aspect: (a) Does heightened 
Rize fciit he kind afforded by an underwater 
b what itate or retard rate of mastery? (b) 
extent are maze habits that were 


F 


16, 
Ceili 1. The water maze (Fig. 1 A shows floor plan, 


forh 

med a; 

E either by underwater or by surface 

Tequir, an disrupted when the animals are 
ed to reverse the mode of swimming? 


METHOD 
Abparatus ; 


T 
tan P Sheet-iron mazes of the Wardén-U type, set ina 
1), Theater 8 in. deep, were used (see Fig. 14 an 
are ide © dimensions and floor plans of these mazes 
es Utical, To enforce underwater swimming in one 


™, Lucite strips of appropriate width and length 
ely 7 in. above the floor in 

and a por- 
p. Use of 


Were 

8 

È l Parte aded approximat: 
ion of +10! the maze except the starting well 

e terminal unit near the escape ram 


1 
Thi 
Fung Regus was supported by the Scottish Rite 
S¥eho} | by the Thomas Welton Stanford Fund for 
_ Bical Research. 


ng; Fi dimensions, and strips 
ì Fig. 1 B illustrates rat swimming submerged under Lucite ceiling; 


two mazes, one for underwater swimming and one for 
surface swimming, obviated the necessity of removing 
and replacing the artificial ceilings to accommodate an- 
imals of different groups. The starting cage (Fig. 1C) is 
made of hardware cloth and fits snugly into the starting 
well. Retracing into this cage is prevented by a vertical 
sliding door, belonging to the maze, which is closed as 
the animal leaves the cage. 


Animals 


Twenty-one adult albino rats were used; of these 
12 were females and 9 were males. None had been on a 
learning task before, but all were accustomed to han- 


SS 


of hardware cloth supporting Lucite 
Fig. 1 C shows the starting cage). 


dling prior to selection. Since no use was made of either 
thirst or hunger in the motivational program, it was not 


necessary to alter the food or water supply at any 


time. 


Procedure 

Preliminary swimming. Twenty adaptation trials were 
a 10-{t, straightaway alley, at the rate 
The first ten trials allowed swimming 
on the surface of the water and were introduced to ac- 
quaint the rats with escape by swimming to a goal, to 
reduce futile attempts to climb out, and to familiarize 
them with the exit ramp. The next ten trials entailed 
underwater swimming from the starting cage to the 
ramp; in these trials the rats became acquainted with 
“holding the breath” under water. Those that loitered 
may have experienced some degree of “panic” as the 
threat of acute anoxia was experienced. The rats were 
handled in groups of five, each taking its turn until 
five trials had been completed. 


given each rat in 
of five per day. 
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Early preliminary trials were characterized ae 
by attempts to climb the metal walls, to grasp $ k Spe 
edge, or by frantic efforts to leap out of fhe ae an 
casionally, an animal would dive and swim submerg z 

for a few feet. After a few trials, however, the anima 
z irectly to the ramp without waste 

usually swam direct! y i] a relia 
fiort excepting, possibly, a brief delay and circling 
S i ting cage. As soon as an 
just after leaving the starting cag “stripped” 

animal reached the goal ramp, it was “strippi 

gently of excess water and replaced with its os = 
await the next turn. Introduction of a ceiling, made o! 
14-in. mesh hardware cloth, on the eleventh trial to 
enforce underwater locomotion led to a considerable 
amount of frantic paddling, retracing, and vigorous 
attempts to push through this covering. These tend- 
encies gradually abated, however, with the result that 
by the twentieth trial most animals moved from start- 

ing cage to goal ramp with little delay. 3 i 

Original and transfer maze trials. Animals were dis- 
tributed into two groups: Group A (V = 11), which 
began by underwater swimming, and Group B (N 
= 10), which began by surface swimming. Trials were 
continued on the original assignment at the rate of 5 
per day until all had a minimum of 25 trials. Since that 
number was sufficient for mastery of the maze by many 
of the surface swimmers, this phase of training was 
terminated for those which had made four perfect 
swims in a block of 5 consecutive trials, Those requir- 
ing more trials to meet the criterion were continued 
until this was reached. Either after trial 25 or after the 
criterion of mastery of the original problem had been 
achieved, the transfer problem was introduced. With 
this change, underwater learners were permitted to 
swim the maze on the surface, and surface swimmers 
were transferred to the underwater condition. Follow- 
ing transfer, each rat received 5 trials daily for a mini- 
mum of 10 trials. If within that series the criterion of 4 
perfect out of 5 trials had been met, tests were termi- 
nated; if not, training was continued until the specified 
criterion had been achieved, Thus, all rats of Groups A 
and B had, as a minimum, 10 transfer trials. 

Again, animals were handled in groups of five, on a 
rotational basis that allowed from about 10 to 12 min. 
between individual trials. By supplemental heat the 
temperature of the maze room was raised to approxi- 
mately 85°F. each day before the trials began. The 
temperature of the water, however, remained within 
the range of from 61° to 66°F. 

To begin a trial, the starting cage, with animal in- 
side and front door open, was allowed to settle down in 
the starting well until it rested on the bottom of the 
maze. A vertical sliding door at the end of the starting 
well prevented the animal’s starting until the cage had 
dropped below the water line; thus, each animal of 
both groups had to start from a submerged position. 
The elapsed time from departure to arrival at the foot 
of the ramp was recorded for each trial. 

Errors. Errors were of two general types: (a) For- 
ward-going, or entrances into wrong culs, and (b) 
retracing beyond what was necessary to escape from a 
blind cul-de-sac. As may be noted from Fig. 14, ea- 
tries into alleys 1 and 3 constitute forward-going errors. 
Retracings consist chiefly of swims from 2 to 1,3 to 1, 
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4 to 3, or 4 to 1. No error was tallied if an ery vi 
partly in the starting cage, moved its head and $ aie 
ders in the direction of alley 1 or alley 3, or even 
turned around just outside the exit. 


* RESULTS 
Original Learning 


The first comparisons are based on ahpn 
learning of Group A (underwater), hone a 
are designated in the table and graphs by i 
symbols 4-o-u, and Group B (surface) 
which the analogous symbols are B-0-s- 


TABLE 1 i 
i f 
Maze Learning and Transfer Performance 0 ip 
water- and Surface-Swimming Rats (N of Gro 
A = 11; Group B = 10) 


nder- 


mae 
geod P 
A-o-tt ae Ee. 
h R 41.20 | -001 
Means, Trs. to Master | 39.45 | 11 a “05 
Original | E on trs. 1-25 43.45 22 “05 
E on trs. 1-5 9.64 er “ool 
E on trs, 6-25 | 33.45 | 14.70 | = 
a 3 sa 
Ats B-l- Ma- 
01 
Means, Trs. to Master | 5.45 | 25 E “ool 
Transfer | E on trs. 1-10 5.45 | 16. 
islet mean 
Mastery. As shown in Table 1, the 


. . : antly 
number of trials for mastery is significar y 


larger for A-o-u than for B-o-s ($ < ‘on O 
Most of the latter had not met the i 5 
mastery within their obligatory block urfac? 
trials, whereas 80 per cent of the Sithin 
swimmers had satisfied the criterion Y 

that number of trials. 


first 25 trials the difference in me me ure 
group B-o-s (p = 05). As shown 1n a het 
however, the mean for Group B wrial 
than that of Group A at the unis at tM 
to 5), a difference that is significan, if 5 "i 
05 level. As shown in Figures se to vl 5 
due chiefly to an excess of entries ‘a to? 
and retracings from 3 to 1. For tria oe ). 
the direction of the difference is rev?” got 
significantly favors Group B-o-S q iv 
Small, irregular differences appears gute 
2 to 1 type of retracing, as shown 1” 
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but th 

ese differences 
ces a mif : 

cause of the D not significant. Be- approach to solution of the escape problem 
å ive and qualitative from that prompted by surface swimming. 
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choices of pathways than the change from 
surface to underwater swimming. 

Errors. As shown in Figure 7, a clear-cut 
difference between group means appeared on 
the first trial, and the divergence increased 
immediately thereafter. Especially interesting 
is an increasing number of type-1 errors made 
by Group B-t-u during the first ten trials, as 
shown in Figure 8, and prolonged difficulty the 
animals had with this wrong turn. This curve 
resembles somewhat that of Group A-o-u in 
its original learning when swimming under- 
water (see Fig. 3). For Group B-t-u the 
type-3 error also was frequent, but this alley 
was mastered more rapidly than was alley 1 
(compare Fig. 8 and 9). 

The difference between total number of 
errors made by Groups A-t-s and B-t-u on 
trials 1 to 10, in which all animals were pres- 
ent, is significant at the .001 level. Differences 
in type-1 errors are not significant for trials 


1 to 10, but those for type 3 are significant at 
the .001 level. 


Underwater Original Compared with 


Transfer 
Records 


Here the primary interest is that of esti- 
mating savings by Group B-t-u in swimming 
the maze correctly underwater by virtue of 
previous mastery by surface swimming. To 
do this, their transfer record is compared with 
the original learning of A-o-u. They required 
on the average 25.9 trials to satisfy the cri- 
terion of mastery; this was 13.5 trials less than 
required by Group A-o-u, which first mastered 
the maze by underwater swimming. This ap- 
parently large difference is not Significant (p = 
-1). In Figure 10, the means for errors by 
Groups A-o-u and B-t-u for the first 15 trials 
of underwater swimming are represented, The 
graphs are terminated at trial 15 because some 
animals of Group B began to drop out at this 
time by virtue of meeting the criterion of 
mastery. It is obvious that transfer from sur- 
face to underwater swimming greatly dis- 
turbed the habits of Group B. 


Surface Original and T: ransfer Compared 


Group A-t-s, when transferred from under- 
water to surface swimming, achieved the cri- 
terion of mastery in 5.45 trials, Group B-o-s 
had required 11.20 trials to meet this criterion 
in its original learning period. Figure 11 
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ly illustrates the mean number of 

e by the two groups while all were 

a in the trials. From this and 

e it is evident that less disruption, by 

a ons when animals are transferred from 

ee ater to surface swimming than when 
‘order of transfer is the reverse. 
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DISCUSSION 


ay À 

hoa oad evidence clearly demonstrates 
Surface eaten a two-unit Warden-U maze by 
earning DRES proceeds more rapidly than 
Swimmin Š a maze pattern by underwater 
have ae so, the performance of rats that 
is disorpa, ered the maze by surface swimming 
ich = wees much worse than that of rats 
°comoti shifted from underwater to surface 
di erence i Assuming that a fundamental 
TOups is in potential learning ability of the 
ay be 5 ae in question, what hypotheses 
Plical red to account for these differences? 
Well light a The experimental room was 
see wie by windows halfway from ceiling 
150w, 1 Cross one end of the room, and by two 
Mazes be mps, suspended directly above the 
Water, a distance of about 6 ft. from the 
Water enever agitation of sediment made 
tawn off somewhat murky, old water was 
condensed on fresh water added; also, if scum 
Nove, T on the Lucite ceiling, it was Te- 
assurang hese precautions gave reasonable 
See y ag underwater swimmers, readily 
Make So e E through the Lucite cover, could 
Sta eee use of lights and shadows for gen- 
Ext à ee while swimming. To what 
disti ctl ear and distant objects could be seen 

nits ae" not known, however. 
the’two mazes were similarly con- 
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structed of sheet metal which bore no distinc- 
tive markings. Hangers for the Lucite ceilings 
were symmetrically placed in each unit of the 
maze, hence these offered neither misguidin 
nor helpful cues to the underwater ee 
All things considered, we incline to the belief 
that a difference in opportunity to use visual 
cues does not account for the obtained differ- 
ences in original learning by Groups A and B, 
nor in the performance following transfer. 
Nonetheless, in order to determine what posi- 
tive or negative value vision may actually 
have in this situation, supplementary studies 


are needed in which both surface and under- 


water swimmers are required to simulate the 


training program of our present groups after 
obscuration of visual cues by darkening the 
pathways or after blinding the rats. : 

The fact that normal rats in darkness, and 
also totally blind rats, have been able to learn 
certain complex dry-floor, alley mazes with 


little or no evidence of handicap is relevant to 


the discussion, but the weight of evidence is 


diminished by our knowledge that similar 
of rats usually suffer considerable 


groups : 
handicap both in learning and in transfer on 


narrow-tread, elevated mazes. 
Anoxia. Certain studies (1, 4, 5, 6, 7) have 
shown that animals when required to learn or 


perform in an oxygen-deficient environment 
are somewhat disturbed or retarded; hence, 
the hypothesis that acute lack of oxygen may 
have been responsible for inferior learning and 


transfer in underwater swimmers deserves 
consideration. a 
To the authors’ knowledge, no studies in 
which oxygen deprivation has been employed 
“drive condition” in rats have been re- 
in the literature on maze learning. Ex- 
periments such as those of Hurder (2) and 
(6) deal with relatively pro- 
to conditions in 
ined less than the 
t of oxygen and thus are not 
present experiment 
equired to “hold its 
Probably only mild 


ic exposure 


normal amoun 
strictly comparable to the 
in which the S is merely T 
breath” while swimming. 
oxygen deficiency occurred as a general rule, 
since most animals, at worst, traversed the 
maze in less than 60 sec. Moreover, it seems 
‘unlikely that such anoxia as did occur would 
so damage prain function as to induce con- 
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fusional states or to impair learning and reten- 
tion on a physiological basis. The condition is 
essentially like that of a human runner, swim- 
mer, or weight lifter who holds his breath dur- 
ing brief periods of maximal effort but suffers 
no intellectual impairment therefrom. 

No proper check on the cogency of the 
anoxia hypothesis has been made in this lab- 
oratory. Relevant to the question, however, 
are data from five rats in Group A which began 
to show signs of distress after swimming under- 
water for between 1 and 114 min. and had to 
be removed from the maze to prevent drown- 
ing. The mean of their maze records is only 
slightly inferior to that of others that managed 
to effect escape without any evidence of dis- 
tress. Further studies should be made in which 
there is submersion for various periods of time 
‘just before maze trials for both surface and 
underwater swimmers. These would provide 
evidence on the effects of brief breath-holding 
on maze learning. 

“Panic.” A hypothesis that appeals to hu- 
man experience and also accords with observa- 
tions of the underwater swimmers pertains to 
emotional disturbance in the category of mild 
“panic” that sometimes appeared when the 
animals were forced to submerge. This may 
have interfered with the requisite deliberative 
control that is needed for learning a maze or 
for the execution of correct maze habits pre- 
viously acquired. In preliminary trials some 
rats showed signs of this type of emotional 
disturbance by hyperactivity and defecation. 
A few animals manifested special symptoms, 
such as squealing when touched, or diving 
back into the water after climbing the ramp 
at the end of the straightaway. Moreover 
early underwater trials in the maze were 
characterized by vigorous attempts to push 
up through the cover. This was true of the 
transfer animals as well as those just begin- 
ning. There was also some excess movement of 
legs which might indicate mild “panic” or 
confusion. Unlike the usual exploratory entries 
into blind alleys or retracing over portions of 
the true path, errors were frequently com- 
mitted in a slapdash fashion, and were repeated 
so often in certain instances that drowning 
was actually a danger. 


Repetitive errors on the part of certain 
animals in the underwater maze gave the 


impression that there might be in this situation 
a form of “stereotypy” analogous to that de- 
scribed by Maier (3) when working with rats 
faced with a frustrating problem, e.g., an in- 
soluble or difficult discrimination. Maier con- 
cluded that normal learning and frustration- 
linked learning are qualitatively different and 
require different explanatory principles. The 
frustration-induced response is described as 
rigid, unadaptive, and stronger than a response 
normally learned, despite the fact that the 
learned response is rewarded and the frus- 
trated response is not. 

This view of the disorganization of learned 
responses in the case of animals transferred 
from surface to underwater conditions has 
merit, at the descriptive level, if instead of the 
Maier type of frustration one thinks of 

panic’’-instigated behavior. Noteworthy is 
the relatively poor performance of Group B 
when required to traverse the maze under 
water. Wrong turns again became prevalent, 
and some animals that appeared to be near 
mastery in the transfer situation adopted 


wrong turns and continued them for long ` 


periods of time, despite their maladaptiveness. 

The authors believe that many techniques 
requiring underwater swimming, as in dis- 
crimination, delayed reaction, detours, “rea- 
soning,” manipulative problems, etc., will be 
very instructive in defining the role of “panic”- 
instigated behavior both in learning and in 
the execution of learned responses. 


SUMMARY AND CONCLUSIONS 


1. In original learning of a two-alley swim- 
er ae a group of rats required to swim 
and mad er required more trials for mastery 
com anit Significantly more errors than 4 

2. Wh © group of surface swimmers. 
dem en surface learners were required tO 

monstrate mastery again by underwater 
fais mg, and underwater learners by SUT- 
trials a ale the net savings in terms 0 
but thi errors were positive in both instances, 

e change from underwater to surface 
was far less disruptive than a shift in the othe? 
direction. 

nae! learning by underwater as OP- 
Posed to surface swimming produced qualita- 
tive differences in the types and frequencies 


of errors most persistently made. Likewise» 


a 


— —— 
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transfer after maze mastery from one to the 
other type of swimming produced qualitative 
differences in the error patterns. 

4. Of three hypotheses tentatively intro- 
duced to account for the observed differences— 
availability and use of visual cues, anoxia, and 
mild “panic” aroused by enforced suspension 
of breathing—the authors regard the latter 
as most promising to account for behavioral 
differences that gave rise to the relative in- 
feriority of underwater swimmers. 
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INTEROCULAR TRANSFER OF HABITS LEARNED MONOCULARLY IN VISUALLY 
NAIVE AND VISUALLY EXPERIENCED CATS 
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Evidence for the contribution to visual per- 
ception of the early visual environment has 
emphasized the importance of patterned stimu- 
lation (3, 11). The present study undertook to 
determine whether early learning is a factor 
in the behavioral equivalence of the two eyes 
in discriminations made with either eye alone. 
The question asked in this experiment was: 
Will a discrimination habit learned through 
vision with only one eye be retained when 
tested for with only the other eye open, if the 
second eye has not previously been exposed 
to visual patterns? 

The phenomena of rivalry, dominance, and 
fusion imply that in man the two eyes may 
operate independently, in competition, or co- 
operatively. The neurological correlates of 
these differing modes of interaction are not 
known, beyond the fact that corresponding 
retinal areas must be stimulated to permit 
fusion. Binocular projection paths of “corre- 
sponding points” to the same region of the 
occipital cortex presumably furnish the basic 
neuroanatomical convergence of pathways for 
fusion and equivalence of stimulation. 

The very occurrence of rivalry demands 
some central independence of stimulation from 
the two eyes. Yet the world looks the same (to 
most of us) when seen with either eye. This 
perceptual equivalence may not be fully pro- 
vided for by innately given neurophysiological 
relations. In the experiment reported here this 
possibility is tested by preventing binocular 
pattern vision until after behavior has ‘come 
under the control of vision through one eye, 
then testing for such control with the other 
eye. Since the use of continuous darkness pro- 
duces retinal anomalies in some vertebrate 
eyes (11, 16), a method used with infant chim- 
panzees (11, 12) to allow diffuse light of all 
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wave lengths to enter the eyes for regular 
periods, daily, was adapted to the needs of the 
present study. 


METHOD 
Subjects 


Twelve kittens, 6 in the experimental group and 6 in 
control groups, provided the data of this study. The 
experimental group came from three litters, designated 
as litters A (born 2/19/50), B (born 2/22/50), and C 
(born 5/20/50). The litters consisted at birth of 3, 3, 
and 5 kittens, respectively. One kitten from litter A 
died the day after birth. Two kittens of the C litter 
were used in other experiments, and the remaining 
kittens were originally intended to constitute the oe 
perimental group. However, a laboratory epidemic © 
enteritis and respiratory infection in October, 1950, 
took the lives of 1 kitten from A litter (A-1) and 2 from 
C litter (C-3 and C-4). One of these (C-4) had by this 
time completed training on the original monoater 
habit (Table 1). Another, A-1, had received 12 
trials on the form discrimination habit without meeting 
the learning criterion. C-3 died after a brief illness, 
prior to which it had worked for 200 trials on the bright- 
ness discrimination habit without approaching hee 
criterion. Except for the period of illness, which laste 
approximately ten days in the cats that recovered, the 
animals were in good health. tens 

The control groups were from two litters of 4 kitten 
cach; the D litter was born on 7/15/50 and the 


aia kittens, Ivan and Tia, were born on 10/23/ 
50. 


Apparatus 
f The discrimination-learning apparatus was our ae 
sion of a commonly used modification of the Yer to 
Watson box, in which the animal walks directly The 
one or the other of the cues to be discriminated., ng, 
box was narrow (15 cm.) at its entrance, 76 cm, ulus 
and 46 cm. wide at the end containing the eee 
doors. A partition extended forward 15 cm. peni 
the doors. The stimulus doors were hinged or 
top and consisted of clear Plexiglas 16.5 cm. 54 ack 
Slots along the side and lower margins © me apid 
surface of the stimulus doors permitted the eking 
placement and removal of stimulus cards. fo that 
device made possible the barring of either door mulus) 
only one door (that carrying the positive en Jace 
could be pushed open by the animal. Food was P vg 
a that the cat could eat after pushing he 
shoulders through the flap door. air 
Four pairs of ieaie aras were ased. The first P 
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Presented a circle on one card, an equilateral triangle 
with lower margin horizontal on the other. These figures 
were solid black painted on a light gray background, 
the area of each figure being 24 sq. cm. The second pair 
employed the same sizes and shapes of figures, but was 
mads so that transmitted light coming through white 
issue paper produced a high-contrast white figure on 
3 dark surround. The white figure had a luminance of 
Ri ft.-L. During use of this pair of cards illumination of 
e front area of the apparatus was kept at a low (hu- 
man) photopic level, just high enough to permit ob- 
servation of the animal. 

A third pair of cards was painted with alternating 
black and white stripes, horizontal on onecard and verti- 
cal on the other, each stripe 1 in. wide. The fourth pair 
of cards was for training and testing a brightness dis- 
crimination habit. On each card a cut-out X, 31 sq. 
me in area, with each cross arm measuring 2.5 cm. by 
te cm., was covered with white tissue paper. The 
luminance of the brighter was 2.5 ft.-L., and the other 
Was approximately 0.9 ft.-L. 


Procedure 


The three litters of kittens from which the experi- 
Mental animals came were moved into a darkroom with 
their mothers a few days after birth and before the eyes 
had opened, Weaning was begun at 8 weeks, and at 14 
Weeks of age the kittens were brought out for 30 min. 
daily, wearing a hood, for the purpose of giving light 
exposure to both eyes, but pattern vision to only one. 
The hood had an opening for mouth and nostrils, a 
white translucent Plexiglas insert over the eyes, and was 
tied in place with a drawstring running under the jaw 
and behind the ears. The Plexiglas insert was curved 
around the contour of the face, had a circular opening 
for clear vision for one eye, anda low ridge fitting snugly 
along the nose between the eyes. It was approximately 
3 cm. high and 6 cm. wide. During the daily period in 
the light, the kittens played with each other and were 
fed a daily ration of meat, which was later used as 
reward in the learning task. Feeding was done from a 


Small dish placed in one end of an enclosed area of the 
at through which the animals 
imulus cards in the training 


varied between the two place: rou 
in front of the stimulus cards in the training apparatus. 

eparate small portions of meat were put into the dish, 
until the cats “found” the dish about 20 times on & 


given day. . 
When the animals were 17 weeks (litter C) or 20 
Weeks (litters A and B) of age, training was begun on & 
Visual discrimination habit. Average daily time in the 
light was increased to 60 min. (range: 30 to 90 tal 
hese discrimination habits were different for eac! 
of the experimental animals and sampled three classes 


Of distin sieht vveometrical form, direction at 
inguishing cues: 8 at, B-2, was given 


Striped lines, and bright One c 
„a ghtness. > 
1320 trials with the triangle (+) Tt? a bey 
e failed i is ti ond to the a 
‘ailed in this time to resp trong position 


yond oped a § 
a chance level, develop 5 in the apparatus 


Preference, and then sat motionles k E 
Or progressively longer periods. After a rest interval o 


6 weeks, during which she continued to play in the 
light with hood on for 60 min. daily, she was started on 
the horizontal- vs. vertical-lines problem. 

The criteria of learning for the initial habit were 
either (a) two successive sessions of 20 trials each at a 
level of 90 per cent correct or better on each session, or 
(b) 10 successive sessions of 20 trials at a level of 85 
per cent correct or better on each session. Training was 
given 10 trials daily for the first 100 trials and then 20 
trials daily. The correction method was used for the 
first 600 trials. When a habit was not learned in this 
number of trials, the noncorrection method was sub- 
stituted, except in the case of animal A-2. With the 
three B-litter Ss, strong position habits were effectively 
counteracted after 1160 trials by a “guiding” procedure 
used for several sessions. This consisted in placing a 
small transparent Plexiglas barrier just beyond the 
choice point on the error side of the apparatus. It was 
repeated after 1440 trials with B-3. 

Up to the time of “mastery” of the first habit to the 
level of the arbitrary criterion, training was given in 
one morning session daily. On the morning after mas- 
tery, the position of the Plexiglas insert in the hood was 
reversed to expose the other eye. (The original training 
eye was now covered with translucent Plexiglas.) A 
session of 20 trials was given. That afternoon, 5 hr. 
ven with the original eye exposed. 


Jater, a session was giv 
This became the daily schedule until performance in 
the newly exposed eye reached a level of 85 per cent 


correct or better on each of two successive 20-trial 


sessions. 

The control Ss, Ivan and Tia, also began training 
at 20 weeks of age. These two Ss had lived as house pets 
with unrestricted vision until shortly before the train- 
ing schedule was started, when they were moved into 
the laboratory. About five days were required to ac- 
custom these animals to feeding while wearing the 
hoods. They were then trained on the triangle vs. circle 
habits, monocularly. After showing complete transfer 
to the other eye on this habit, they were trained on the 
horizontal- vs. vertical-lines problem, the eye used for 
training being reversed (see Table 1). 

Four control animals (the D cats) were raised in a 
lighted Jaboratory cage of the same size as used for 
the experimental group. Training was begun at 15 
weeks of age. These animals learned habits binocu- 
larly, not wearing hoods. Two of these learned bright- 
ness habits first, and two the circle vs. triangle habits. 
Then each cat learned a second habit with the other 


pair of, discriminandae. 
RESULTS 


The basic question asked in this experiment 
is answered from the data of five Ss listed in 
Table 1. All animals whose total previous visual- 
pattern stimulation in one eye had been ex- 
tremely restricted by the use of a Plexiglas 
diffusing “goggle,” showed inability to respond 
in a discrimination problem when use of this 
eye had to be substituted for that of the eye 
used during training. The average performance 
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TABLE 1 


Numbers of Trials Required to Meet the Criteria of 
Learning on Each Discrimination Problem 


ALS 
TRIALS TO 
TRAIN- TO CRI- 
we STIMULI TO BE ING |CRITERIA| MEET TE- 
DISCRIMINATED EYE CRITE- |RION 


Experimental Group 


A-2 | black triangle L 200 | 1840 280 


(+) vs. black trials 
circle 

B-1 | white circle (+) | R 40 | 1490 |160 
vs. white triangle trials | 

B-2 | horizontal (+) R 200 1920? 120 
vs. vertical stripes, trials 

B-3 | black circle (+) R 40 | 1660 520 
vs. black triangle trials 

C-4 | light grey (+) R 40 | 380 
vs. dark grey “X” trials 

C-5 | dark grey (+) L 200 | 600 |180 
vs. light grey “X” trials 


Control Groups (First problem) 


white triangle R 40 360 | 40 
(+) vs. white trials 
circle 
Tia | White circle (+)| L 40 180 | 40 
vs. white triangle trials 
D-1 | black circle (+) | both 40 220 
vs, black iriangle trials 
D-2 | dark grey (+) both 40 180 
vs. light grey “X” trials 
D-3 | light grey (+) both 40 260 
vs. dark grey “X” trials 
D-4 | white triangle both 40 180 
(+) vs. white trials 
circle 


Control Groups (Second problem) 


vertical (+) vs. L 40 80 
horizontal stripes trials 
Tia | horizontal (+) R 40 100 | 40 
vs. vertical stripes trials 
D-1 | light vs. dark both 40 200 
“x trials 
D-2 | white triangle both 40 60 
(+) vs. white trials 
circle 


D-3 | black circle (+) | both 40 440 


Ivan 


8 


vs. black triangle! trials 
D-4 | dark vs. light both 40 120 
Be trials 


1 Criterion for learning in 2nd eye: 85% correct or better on 
each of the two consecutive 20-trial sessions. Figures in the last 
two columns include the 40 (or 200) trials during which the cii- 
teria were met. 

2 This figure includes 1320 trials on triangle vs. circle, 


for all five cats on the first 60 trials with the 
second eye was 56 per cent correct, or not sig- 
nificantly different from chance. However, 
there was a very large saving in the number of 
trials necessary for “Telearning.” The general- 
ity of this finding is indicated by the similarity 
in the data for all three visual-stimulus dimen- 
sions. Even the brightness discrimination habit 
was not transferred (animal C-5). Results 
with the control animals, Ivan and Tia, show 
that in the normally reared cat a habit learned 
with one eye open can be mediated through 
the other without any drop in performance. 
In fact, with control S Tia, the first errorless 
session was the first transfer session. 

All the experimental animals showed some 
general disturbance of behavior when use of 
the second eye was begun. They bumped into 
the partition or walls of the box, moved 
slowly, sometimes with long pauses, twitching 
of the tail increased, and the final choice was 
made with marked hesitation. All this made 
the session of 20 trials take longer than had 
been the case during the previous days. Much 
of this behavior carried over into the afternoon 
session with the previously trained eye. The 
degree of carry-over varied somewhat from 
animal to animal. 

The initial habit (performance with the 

original training eye) broke down in three of 
the five cats following the first session with 
the unpracticed eye. Both animals (A-2 and 
B-2) that maintained performance with the 
Practiced eye were on the “overtraining” 
schedule; that is, they had performed for 200 
trials or more with a high level of accuracy on 
the practiced eye before being confronted with 
the transfer problem, However, even with the 
overtraining, cat C-5 fell off markedly in per- 
formance with the practiced eye. Figure 
shows day-to-day averages for two of the ex- 
perimental animals, beginning at the stages 
When initial learning began to show up 1? 
their scores and carrying through until the 
criterion was met for learning during use ° 
the second eye. 
_ The experimental Ss were markedly slag 
in learning the initial discrimination habit 
than the controls. For geometrical form a5 
criminations the experimentals averaged ws a 
trials in learning to the easier criterion; n 
controls averaged 235 trials. While the num! 
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of Ss is small, only three in the former and 
four in the latter groups, the difference is so 
large as to warrant search for the variables 
that will account for it. The difference was 
smaller, but in the same direction for the 
brightness discrimination problem. Whether 
the control Ss learned monocularly or binocu- 
larly seemed to make no significant difference 
in trials required, insofar as can be judged 

100 

85 


70 
50 
100 
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70 


50 


PER CENT CORRECT RESPONSE 


30 
100 200 300 


objects. Locomotion was cautious until the 
animals had been in the play area (and later 
the experimental apparatus) repeatedly. They 
then became playful and moved about rapidly 
despite occasional headlong collision with 
walls or table legs. 

Occasionally the masks loosened sufficiently 
to slip off the heads of the cats. Exposures of 
both eyes occurred in this manner for approxi- 


a Se re coe 
1700 1800 


1300 1400 1500 1600 


400 500 600 100 


TRIALS 


Fic. 1. Day-to-day perfor 
Original training eye OP® 
(broken line) 


from our small numbers of Ss. With adequate 
habituation to the hoods in the monocularly 
trained Ss, no differences would be eee : 
The results provide a rough indication tha 
there was no such disturbing effect. b 
During the pretraining period when e 
experimental cats were 14 to 17 (oF to ) 
Weeks of age, and subsequently into ae ipin 
Ing period, they showed much, m eo ' 
Visual unresponsiveness. The visual Ue gee 
response did not appeal, they seemed not to 
Use Vision to find food, and they bumped into 


mance by two of the experim' 
n (solid line) and during the trans! 


nimals during learning of the habit with the 


ental a a 
arning with only the second eye open 


fer test and le 


sec. a week, on the average. Despite 
ce of 30 to 90 min. with one eye 
d the other receiving diffuse 
light, more than two months (or some 30 to 
70 hr. in light) were required before obstacles 
were avoided and food found by visual cues. 
By the time the first discrimination habit was 
learned, the numbers of hours of light exposure 
ranged from 38 for cat C-4 to 151 for cat B-2 
(Table 2). Prior to solution, during the last 
one hundred trials or more, a characteristic 
change in the animals’ manner of approach to 


mately 50 
daily experien 
uncovered an 
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the stimulus doors gradually developed. In- 
stead of proceeding directly into one or the 
other alley (or bumping into the partition 
between alleys), the animals would start into 
one alley, stop, sometimes continue, and some- 
times back out and enter the opposite alley. 


TABLE 2 


Hours of Patterned Light Received in a Given Eye 
Prior to Learning to the Criterion Through 


That Eye 
CAT | FIRST EYE | SECOND EYE 
A-2 | 110 | 16 
B-1 98 | 4 
B-2 151 | 20 
B-3 | 107 | 36 
C-4 38 
C5 | “a |© s 

DISCUSSION 


The results of the transfer problem can be 
accounted for in terms of learning theory alone, 
if, in the naive animals, stimulation of either 
eye is considered as separate and unrelated to 
that of the other. S-S contiguity theory or 
S-R reinforcement theory could be invoked 
to “explain” the equivalence developed in the 
two eyes of the cats with previous binocular 
experience. Adult vertebrates, generally, which 
have been shown to give immediate transfer 
of monocularly trained habits (5, 7), probably 
do so partly because of previous extensive 
contiguous or immediately successive stimu- 
lation of the two eyes. Savings of learning time 
for the second eye in our naive cats would 
be accounted for, perhaps, by much general 
learning about the food-finding problem, the 
apparatus, and so forth, and by the extinction 
or reduction of ineffective modes of response. 
Space does not permit full discussion of the 
principles involved. 

Alternatively, neuropsychological facts and 
theory may be drawn upon for a more com- 
plete search into the underlying mechanisms. 
Since the lateral geniculate nucleus of the cat 
shows lamination and absence of collaterals 
(10), the first and most obvious central nervous 
structure which would be expected to mediate 
equivalence of stimulation between the two 
eyes (where a learned habit is involved) is the 
occipital cortex. Just as in the higher primates, 
“,.. each hemi-cortex projects to the contra- 


lateral half-fields of both eyes, the line of 
division splitting the fixation point” (15, 
p. 1257), although the proportion of fibers de- 
cussating at the chiasm appears to be some- 
what greater in the cat then in monkey or 
man (1, 9). Field theory (4) leads to the ex- 
pectation that equivalence should be innately 
determined, since either eye would produce 
the same spatial pattern in the occipital cortex. 
The idea of separate cortical layers, closely 
superimposed but with insulation between 
them, could be used to give some degree of 
independence of action for each eye. The prob- 
lem then to be faced by such theory would be 
to account for the elimination of this insula- 
tion in the experienced animal. 

Hebb has challenged the position that equi- 
potentiality, whether between different parts 
of the same retina or between the two retinae, 
must be innately given. He suggests (3, p. 45) 
that equipotentiality between the two eyes in 
the lower visual field of birds, and its absence 
in the upper visual field (6, 7) may be at- 
tributed to the relative use of these fields in 
pattern vision. The results of a recent experi- 
ment with doves (13) support this position. 
Hebb’s schema can be applied to our results 
to indicate how activation of the same neural 
pathways might result from presentation of 
similar visual stimulation to either eye alone 
afler, but not before, both eyes had previously 
been exposed to similar patterns many times. 
It is also conceivable, by recourse to the role 
played by eye movements in Hebb’s schema, 
that repeated stimulation of the two eyes sepa- 
rately would result eventually in an activation 
of the same “phase sequences” from either eye. 
Alternation of monocular experience could 
provide the basis of later equivalence of 
stimulation. This possibility is now being 
tested on cats in our laboratory and on 2 
chimpanzee at the Yerkes Laboratories of 
Primate Biology. . 

According to Hebb’s schema, cell assemblies 
in and beyond the primary projection area O 
the cortex would be organized by the first 
learning in our experimental cats. The large 
reduction in numbers of trials taken for learn- 
ing in the second eye would be expected if the 
linkage between cells in the primary proje© 
tion area were all that was necessary. In view 
of the close juxtaposition of the primary pro- 
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jection fibers implied in the neurophysiological 
data (15) a fairly rapid linkage would be ex- 
pected. Arrival of impulses at fibers in area 17 
forming a spatial pattern closely adjacent to 
a similar group of fibers from the other eye 
which already had developed a “control” over 
more remote fibers (3, p. 72), would not be 
expected to result in a completely new se- 
quence of firing. Rather, with repetition of 
such a pattern, the closely adjacent cells with 
their previously developed closed circuits 
would be increasingly apt to respond. The new 
stimulation would “take over” the previously 
herr yas phase sequences. Where the original 
rae was still very new, interference with it 
y stimulation of the second eye would be 
expected, We may tentatively ascribe the 
breakdown of the first habit in several of the 
experimental Ss to this disruption of newly 
acquired firing paths and sequences upon first 
patterned stimulation of the second eye. 
_ Results on the interocular transfer problem 
in fish (14) and birds (6), where transfer fails, 
and where vision is subcortically mediated 
and has little overlap in the two visual fields, 
Show that the same stimulus to either eye 
independently may function as two distinct 
stimuli even in adult animals. In organisms 
having binocular vision, simple contiguity 
conditioning (S-S or S-R) will account for the 
development of either-eye-equivalence if the 


two eyes fixate in parallel. However, binocular 


coordinations are in themselves subject to 
11, 12), and such 


improvement through use ( 
improvement is undoubtedly dependent upon 


innate neurophysiological mechanisms. Much 
work is still needed before the modes of inter- 
action between these innate and experiential 
factors can be fully clarified. The relations 
etween binocular use and habitual “suppres- 
sion” of vision in one eye are only partially 
known. Perhaps our Ss represent a special 
Case of suppression OF amblyopia. They may 
emonstrate the assertion by Linksz (8, 
P. 554) that the squinting child’s eye “stays 
amblyopic, it does not ‘develop’ amblyopia. 
„The markedly slower learning of initial 
aana panig py the =e 
group corresponds with similar findings 1n 


Other species where early visual experience 
Was restricted (3, 11, 13)- The ultimate 1m 
duced by previous 


i a x 
Mproved rate of learning Pro 


171 


learning is exemplified in Harlow’s experi- 
ments (2). There is still the possibility that 
the prolonged learning periods shown by our 
cats may be due partly to impaired retinal 
and/or optic nerve function, since no one has 
yet determined what the required minimum 
daily exposure to light is for the prevention of 
atrophy or for the promotion of myelinization 
in the nerve. Still another alternative possi- 
bility is that the longer learning period in- 
volves a competition of visual learning with 
habits based on tactual-kinesthetic cues. That 
is, to speculate further, visual-association 
areas may have been encroached upon by 
tactual kinesthetically aroused “cell assem- 
blies,” so that their incorporation into the 
visual habit structures and sequences becomes 
more difficult than in the totally naive animal. 


SUMMARY 

e reared in darkness from 
y were then given diffuse 
tterned light in the other 
ge of 17 or 20 weeks, 


1. Six cats wer 
birth to 14 weeks. The 
light in one eye and pa 
for 30 min. daily until the a 
Training of an initial visual discrimination 
habit in the open eye indicated a much slower 
Jearning than in control (normally reared) Ss. 

2. Transfer tests to the second eye showed 


immediate correct responses in the control 
Ss, and failure 


(chance performance) of trans- 
fer in the experimental group. Learning of the 
habit in the second eye by the experimental 
group required about 20 per cent as many 
trials as the initial habit, or roughly the same 
number of trials as were required for the initial 
habit by the control 


Ss. 
3, Implications for theories of specific cell 
functions in 


learning and perception are 
discussed. 


REFERENCES 


1. Barris, R. W. Disposition of fibers of retinal origin 
in the lateral geniculate body. Course and termi- 

nation of fibers of the optic system in the brain 
of the cat. Arch. Opthal., Chicago, 1935, 14, 61-70. 

2. Harrow, H. F. The formation of learning sets. 
Psychol. Rev., 1949, 56, 51-65. , 

3. Hess, D. O. The organization of behavior: a neuro- 
psychological theory. New York: Wiley, 1949. 

4. KÖHLER, W. Dynamics in psychology. New York: 
Liveright, 1940. 

5. LASHLEY, K. S. Studies of cerebral function in 
learning. VI. The theory that synaptic resistance 
is reduced by the passage of the nerve impulse. 


Psychol. Rev., 1924, 31, 369-375. 


172 AUSTIN H. RIESEN, MARTIN I. KURKE AND JEANNE C. MELLINGER 


6. LEVINE, J. Studies in the interrelations of central 
nervous structures in binocular vision. I. The 
lack of bilateral transfer of visual discriminative 
habits acquired monocularly by the pigeon. J. 
genet. Psychol., 1945, 67, 105-130. 

7. LEVINE, J. Studies in the interrelations of central 
nervous structures in binocular vision. II. The 
conditions under which interocular transfer of 
discriminative habits takes place in the pigeon. 
J. genet. Psychol., 1945, 67, 131-142. 

8. Luvxsz, A. Physiology of the eye. Vol. 2, Vision. 
New York: Grune and Stratton, 1952. 

9. Mixxowsxt, M. Ueber den Verlauf, die Endigung 
und die zentrale Reprazentation von gekreuzten 
und ungekreuzten Sehnervenfasern bei einigen 
Säugetieren und beim Menschen. Schweiz. Arch. 
f. Neurol. u. Psychiat., 1920, 6, 201-252. 

10. O'Leary, J. L. A structural analysis of the lateral 
geniculate nucleus of the cat. J. comp. Neurol., 
1940, 78, 405-430. 

11. Riesen, A. H. Post-partum development of be- 
havior. Chicago med. Sch. Quart., 1951, 18, 17-24. 


12. 


13 


14. 


16. 


. Rresen, A. H., Cow, K. L., Semmes, JOSEPHINE, 
& Nissen, H. W. Chimpanzee vision after four 
conditions of light deprivation. Amer. Psycholo- 
gist, 1951, 6, 282. (Abstract) 

. SIEGEL, A. I. Interocular transfer of a visual motor 
task in normally reared and “hood-reared” ring 
doves. Amer. Psychologist, 1952, 7, 242 (Ab- 
stract) and Ph.D. dissertation, Graduate School 
of Arts and Science, New York Univer., Febru- 
ary, 1952. 

Sperry, R. W., & Crark, E. Interocular transfer 
of visual discrimination habits in a teleost fish. 
Physiol. Zool., 1949, 22, 372-378. 

. TALBOT, S. A., & MarsHatz, W. H. Physiological 
studies on neural mechanisms of visual localiza- 
tion and discrimination. Amer. J. Ophthal., 1941, 
24, 1255-1264. 

Watts, G. L. The vertebrate eye. Bloomfield Hills, 
Mich.: Cranbrook Institute of Science, 1942. 


Received August 27, 1952. 


ESTABLISHMENT OF A CONDITIONED DRIVE BASED ON THE HUNGER DRIVE 
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E neiniprcement theory of behavior assumes 
om A complete behavior cycle may be de- 
Ee as instigated by a motive, or drive, 
ae erminated by a reward, or reinforcement. 
a is notion is suggested in Figure 1, which 
hago a motive-reward cycle; this is drawn 
fe eni a gradually increasing motive, 
e hunger drive, and its rapid reduction 
upon the presentation of a reward, like food. 
iene cycle can be divided into two phases: 
hee e motivating phase, covering the period 
ae which the drive is building up; and (b) 
Š e reinforcing phase, covering the period of the 
eward, during which the drive is falling off. 


ne | 
pe 


so 


PHASE 


STRENGTH OF DRIVE 


“TIME IN HOURS 


Fic, 1. Sketch of a motive-reward cycle 


utral stimulus is presented 


during the reinforcing phase of the cycle, this 
Stimulus will acquire reinforcing properties. 

his is the phenomenon of secondary reinforce- 
ment (5), and there have been many experi- 
ments demonstrating its existence, and experi- 
Mental inquiry into its empirical determining 


Variables (2, 3) has begun, 

Comparable investigations for the other 
Phase of the cycle—the motivating phase—are 
€wer in number. Miller (7) has shown that a 


Previously neutral stimulus presented during 
cquire motivating 


exi cece 
ale we of a pain drive can acd = 
Toperties, He used the term “fear” as a name 


Or this se iye based on pan- 
condary motive basè : 
ae yas designed to 


de he present investigation WaS. ti 
termine whether a stimulus situation W 


If a previously ne 


acquire motivating properties if it is repeatedly 
presented duriùg the motivating phase of the 
cycle shown in Figure 1. Strength of drive, in 
Figure 1, is relatively high at point SD and it 
is relatively low at point WD. Will a stimulus 
situation repeatedly presented at point SD 
acquire stronger secondary motivating prop- 
erties than the same stimulus situation repeat- 


edly presented at point WD? 


METHOD 


Subjects 
Two groups of male albino rats, 12 rats per group, 
were the Ss. These groups will be designated “SD” 
(for strong drive) and “WD” (for weak drive). The 
animals were procured from Albino Farms, Redbank, 
New Jersey, and were 80 to 100 days old at the begin- 
ning 0 i rt 
ginning of 
feeding sch! 


the experiment, 
edule and each rat was handled twice daily. 


Apparatus 
Each rat in both groups was placed in a special 
stimulus situation, called the striped box, 30 min. each 
day for 24 consecutive days. The striped box was & 
triangular cage, the inner walls of which were painted 
in diagonal black-and-white stripes. On the triangular 
floor of the cage was mounted a wire “hurdle” 3 in. in 
purpose was to attempt to increase the 


height whose y : e 
distinctiveness of the striped box asa stimulus situation. 


Procedure 
The animals of Group SD were placed in the striped 
box each day under conditions of strong hunger drive; > 
these animals had been deprived of food for 22 hr. 
Group WD received its daily session in the striped box 
under conditions of relatively weak hunger drive; these 
animals had been deprived of food for only 1 hr. Both 

their daily rations in their 


groups of animals received 
home cages. Each rat was housed in a separate living 
cage and was given a daily ration of 25 gm. of a food 


mixture; the mixture was composed of 40 per cent 
ground Purina Dog Chow and 60 per cent water. 
Food consumption was measured, by determining the 
weight of food eaten from a food cup, twice during each 
daily feeding period—at the end of 5 min. and at the 
end of 15 min. During the course of the experiment the 
ration was supplemented by a small piece of lettuce 
given weekly. $ 

. In reference to the motive-reward cycle sketched in 
Figure 1, Group SD was placed in the striped box each 
day at approximately the level labeled SD on the curve. 
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Group WD was placed in the striped box at approxi- 
mately the level labeled WD. 

Immediately following these 24 training days, there 
were 2 test days, during which four test trials were 
made for each of the 24 animals. On each of these tests, 
each S was presented 50 gm. of the food mixture, in 
the striped box; for these tests, it was necessary to 
use more than 25 gm., inasmuch as all Ss had eaten 
their 25-gm. daily ration in less than 15 min. during 
the pretesting procedure. Measures of eating were 
made after 5 min. and after 15 min. For each S, food 
was removed at the time of the 15-min. measure, and 
the food was not returned to the animal. 

These tests were scheduled so that level of hunger 
drive would be intermediate between the two levels 
used in the “training” series; during the training series, 
the drive levels had been 22 hr. for Group SD, 1 hr. 
for Group WD. The first test trial was made 12 hr. 
after feeding on day 24, the second test trial 12 hr. 
later, and the third and fourth test trials at successive 
intervals of 12 hr. For each test trial, the Ss remained 
in the striped boxes for 30 min. 

From the end of each experimental session (pre- 
testing sessions and testing sessions) until the beginning 
of the following session, water was available at all times 
in each S’s living cage. 

This investigation had two replications. The experi- 
mental procedure was carried through for 12 of the 24 
animals (6 in each group) during the months of July 
and August. A replication was made with 12 additional 
animals during the months of October and November. 


RESULTS 


During the test trials, the animals in Group 
SD consumed more food than did the animals 
in Group WD. Measures of food consumption 
were made at the end of the first 5 min., and 
at the end of the first 15 min. of each test trial. 
These two measures, for test trial 1 and for 
test trials 1 to 4 combined are presented in 
Table 1. An inspection of the table will reveal 
that Group SD was superior to Group WD for 
all of these measures. Furthermore, the results 
obtained in the two replications of the experi- 
ment are similar. 

Measures of food consumption during the 
last four days (days 21 to 24) of the “training” 
series were used as indicators of voracity of 
individual rats, and the effects of this variable 
were “ruled out” by means of analysis of co- 
variance. The results of one of these analyses— 
5-min. food consumption for test trials 1 to 4— 
are presented in Table 2. The other comparable 
analyses (15-min. food consumption for test 
trials 1 to 4; 5-min. food consumption for test 
trial 1; 15-min. food consumption for test trial 
1) all yielded F ratios indicating significance at 
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less than the .05 level. These analyses are not 
presented here. 

Food-consumption means obtained during 
the testing procedure were adjusted for eating 
differences during the pretesting procedure. A 
method described by Snedecor (9) was used in 
making these adjustments. In Table 1, these 


TABLE 1 
Mean Food Consumption During Test Trials 


ES TEST TRIAL 1 TE cera TEE 
2e 
REF 
R SD WD SD wD 
Replication 1 5 10.0 8.1 46.5 | 35.7 
(9.9)* | (8.2) | (45.9) | (36.3) 
15 | 25.9 21.8 | 107.7 | 89.0 
(25.4) | (22.3) | (106.4) | (90.3) 
Replication 2 5 7.3 5.3 43.6 35.2 
(8.0) | (4.6) | (45.9) | (32.8) 
15 | 20.2 19.0 | 102.5 | 97.3 
(21.6) | (17.5) | (106.7) | (93.0) 
Replications 1 and 2 5 8.6 6.7 45.1 35.4 
combined (8.7) (6.6) | (45.4) | (35.1) 
1S | 23.1 20.4 | 105.1 | 93.2 
(23.3) | (20.2) | (105.6) | (92.7) 


* Figures enclosed in parentheses are adjusted means. 


TABLE 2 
Analysis of Covariance: 5-Min. Food-Consumption 
Test Trials 1-4 


layosrep 


SOURCE OF VARIATION | sumsor| df | MEAN | p p 
SQUARES SEES 


Adjusted group 615.63 1 |615.63123.52).001 
means (SD vs. WD) 
Within groups 


J 18 
Total 523.66) 20 | 26.1 | 


1139.29) 21 


adjusted means are presented, in parentheses, 
Just below the corresponding actual means. 


DISCUSSION 


The results of this experiment indicate that 
a neutral stimulus can acquire motivating 
Properties if it has been associated with a pri- 
mary drive state. How is this conditione 
drive, or secondary drive, acquired? Two pos 
sibilities are suggested. p 

First, it is possible that reinforcement 1S 
necessary for the establishment of this condi- 
tioned drive, just as reinforcement is believe 
necessary for many other forms of learning. 1? 
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ae of drive externalization, Ander- 
a ) suggested that an internally aroused 
rive which has been satisfied in a relatively 
eo external situation will become aroused 
oe external situation. A similar view has 
ae — stated by Hull (6), who has as- 
a e l that primary reinforcement, or the 
ee diminution in a drive, is necessary for 
a. establishment of a secondary motive. In 
be a experiment, neither group received 
aos in the striped box, and there was no 
a vard for some time after leaving the box. 
is possible, however, to regard this experi- 
oe as a delayed-reward experiment. Group 
~ received food 1 hr. after its daily striped- 
ie experience, and Group WD was fed 22 hr. 
it er striped-box experience. Can the superior- 
ity of Group SD be attributed to this shorter 
gwd of delay? On the basis of evidence 
rom experiments by Wolfe (10) and Hamil- 
ton (4), it would appear that such long delays 
P reward are ineffective for learning in the rat. 
t would therefore seem unlikely that differ- 
ences in delay of reinforcement could account 
for the differences obtained in this experiment. 
_ Second, it is possible that a conditioned drive 
is a form of learning for which reinforcement is 
Not necessary. If the hunger drive is considered 
a set of internal responses, then the condition- 


Ing of a hunger drive may be nothing more than 


the conditioning of these responses to new 
ested that rem- 


ae Mowrer (8) has sugg t re 
orcement is not necessary for the conditioning 
of smooth-muscle responses. Jf internal drive 
responses are similar to smooth-muscle re- 
Sponses in this respect, then reinforcement 
would not be essential for the establishment of 


a conditioned drive. 


SUMMARY 
f rats were placed in striped 


Two groups © 
0 min day for 24 consecutive days. 


Oxes 30 min. a 


Group SD received this daily experience under 
conditions of 22-hr. food deprivation; for 
Group WD, the deprivation period was 1 hr. 
Following this procedure, the food consump- 
tion of each group was measured under 11}- 
hr. food deprivation. Group SD ate more food 
than Group WD. These results suggest that a 
previously neutral stimulus situation (the 
striped box) can acquire motivating properties 
from association with a relatively strong drive 
state. These results are interpreted to suggest 
that reinforcement is not essential for the es- 
tablishment of a conditioned drive. 
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EFFECT OF A SECONDARY REINFORCER ON CONSUMMATORY BEHAVIOR 


JAMES S. CALVIN, ELIZABETH ANN BICKNELL, anp DAVID S. SPERLING 
University of Kentucky 


There have been many experimental demon- 
strations of secondary reinforcement and some 
of the conditions for its establishment have 
been investigated (1, 3, 6). 

After it has been established, how does a 
secondary reinforcer operate? Does its opera- 
tion yield the same sort of results as those pro- 
duced by a primary reinforcer? One of the char- 
acteristics of a primary reinforcer is that it 
reduces a primary drive. Does the operation of 
a secondary reinforcer have a similar drive- 
reducing result? 

In the present experiment, a neutral stimulus 
was first established as a secondary reinforcer 
by association with the primary reinforcement 
of eating. After its establishment, the effect 
of the secondary reinforcer on food consump- 
tion was determined. If the operation of the 
secondary reinforcer involves reduction of the 
hunger drive, it would be expected to curtail 
food consumption. 


METHOD 
Subjects 


Three groups of male albino rats, 12 rats per group, 
were the Ss. The animals were procured from Albino 
Farms, Redbank, New Jersey, and were 80 to 100 days 
of age at the beginning of the experiment. For one week 
prior to the beginning of the experiment, they were 
placed on a 24-hr. feeding schedule and each rat was 
handled twice daily. 


Procedure 


With the beginning of the experimental procedure, 
every animal in each group was fed a daily ration of 25 
gm. of a food mixture consisting of 40 per cent ground 
Purina Dog Chow and 60 per cent water. Amount of 
food consumed was measured, by weighing, twice 
during each daily feeding period—at the end of 5 min, 
and at the end of 15 min. This procedure was repeated 
daily for 24 days. During the course of the experiment 
this ration was supplemented by a small piece of let- 

i weekly. 
e ae T of animals will be designated 
Group “R” (for reinforcement) and Groups “C1” and 
“C2” (two control groups). N 

eae R. These animals received their daily food 
rations in a special cage, called the striped box; the, 
inner walls of this cage were painted in diagonal black 


and white stripes. Each animal remained in the striped 
box for 30 min. each day. If uneaten food still remained 
at the end of the 30-min. period, this food was removed, 
with the animal, to its individual living cage. 

Group C1. These animals received their daily food 
rations in their individual living cages. They received 
no striped-box experience. Each animal was removed 
from its living cage and handled twice during each 
daily experimental session, 

Group C2. These animals were placed in the striped 
box for 30 min. each day for 24 consecutive days, but 
they were not fed in the striped box. They were given 
their daily food rations in their individual living cages. 
Their daily session in the striped box was begun 1 
hr. after their feeding period. 

Immediately following these 24 training days, there 
were two test days during which four test trials were 
made for each of the 36 animals. On each of these 
tests in the striped box each animal was presented 50 
gm. of the food mixture; for these tests, it was neces- 
Sary to use more than 25 gm., inasmuch as all animals 
had eaten their 25-gm. daily ration in less than 15 
min. during the pretesting procedure. Measures of 
cating were made after 5 min. and after 15 min. For 
each animal, food was removed at the time of the 15- 
min. measure and the food was not returned to the 
animal. The first test trial was made 12 hr. after feeding 
on day 24, the second test trial 12 hr. later, and the 
third and fourth test trials at successive intervals of 
12 hr. 

From the end of each experimental session (pretesting 
sessions and test sessions) until the beginning of the 
following session, water was available at all times in 
each animal’s living cage. z 

This experiment was done in two parts. First, the 
procedure was completed for 18 animals (6 in each 
group), and then a replication with 18 additional ani- 
mals was made, 


RESULTS 


Group R did not consume less food than the 
Control groups during the test trials in this ex- 
periment. Mean food consumption for each 
group is presented in Table 1. a 

Results of analyses of covariance, in which 
food consumption during the last four days 
(days 21 to 24) of the “training series” was 
used as the “adjusting” variable and 5-min. 
food consumption for test trials 1 to 4 com- 
bined was used as the “adjusted” variable, are 
Presented in Tables 2 and 3. 2 

Group R consumed more food than Group C 
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TABLE 1 
Mean Food Consumption during Test Trials 


177 


TEST TRIALS 1—4 COMBINED 


| zoon cox: TEST TRIAL 1 
| Taas) = T 
= = | : rR | a | ap aR cı c2 
plication 1 | 5 | 8.9 9.2 | 81 | 39.2 44.0 35.7 
aa 15 22.6 23.9 21.8 97.0 101.2 i 
R | 7 : 89. 
eplication 2 | 5 6.8 4.2 | a3 | 38.2 33.8 Sein 
oe 15 19.8 16.1 19.0 | 98.0 91.5 7 
Repeal 1 and 2 Com- | 5 | 7.8 6.7 | 6.7 38.7 38.9 ae 
ined | 15 | 21.2 20.0 | 20.4 97.5 96.3 93.2 
TABLE 2 during the eating test trials. The results of an 


Analysis of Covariance: 


5-Min. Food Consumption analysis of 


covariance for these groups are 


Test Trials 1-4 Groups R and C2 shown in Table 2. Similar analyses were made 
REEI for the other food-consumption measures ob- 
source or vartamios | SAS | df ae e tained (15-min. food consumption for test 
ga trials 1 to 4; 5-min. food consumption for test 
Adi Si trial 1; 15-min. food consumption for test trial 
eee Freep 154.39) 1 [154.39 |9.25] .01 1). Group R was superior, in amount eaten, to 
Within Ae a 333.94| 20 | 16.697 Group C2 on all these measures. Probability 
Total 48833 21| levels were obtained for all measures by analy- 
sis of covariance, and these are presented in 

Table 4. 
TABLE 3 When Group R was compared with Group 


Analysis of Covariance: 
Test Trials 1-4 Groups R and C1 


5-Min. Food Consumption (1, such a consist: 
was not found. Tal 


SOURCE OF VARIATION 


amaii 


Adjusted group means 
(R vs. C1) 


| 
| 


an analysis of covari 


ae 
"TIME i 
Be B| 4 | BUNE We consumption measure 

a" a" bined. For the first t 


ae Group R’s foo 
1.81] 1 | 1.81/0-15)>.50 the difference app 
the level convention: 


ent superiority for Group R 
ble 3 presents the results of 
‘ance for the 5-min. food- 


for test trials 1 to 4 com- 


est trial only, however, 
d consumption was greater, 
roaches, but does not attain, 
ally required for statistical 


and 


Withi 20 |12.28 
otal enpe ara 21 si significance; this is true for both the 5-min. and 
45-min. measures on test trial 1. These prob- 
abilities are reported in Table 4. 
TABLE 4 
DISCUSSION 


Probability Levels: 
by Group 


a MEASURE OF FOOD 
ONSUMPTION EMPLOYED 


AE o 


5 minutes 

Test trial 1 
5 inuis 0.15 | >-50 | 9-25 .01 Pennock (7), wh 

Test trials 1-4 25 | 3.36 | -10 forcer which had be 
k EA 1280) i ‘ Í did not reduce the primary 
15 ane i 0.35 | So | 7-52 | -05 This conclusion 

Test trials 1-4 ing out the poss! 

not have been estal 


Comparison of Food Consumption 
R and Control Groups 


The major resu 


UP: GROUPS id not 
KAND cl RAND C2 Group Rd 
control groups—su} 


> | F | #_ inforcer does not re 


Z =i ee : . = 
is in agreement wit 


4.10 .10 | 7.56 | -05 


* Probability values in this table 
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Prepared by Merrington and Thompson Gi 
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o found that a secondary rein- 
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h the results of a recent 
Wickens, Brown, and 
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plished as a secondary rein- 
edure followed in this experi- 
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ment. This does not seem likely, however, in- 
asmuch as the conditions said to be necessary 
and sufficient for the establishment of second- 
ary reinforcement—the consistent and re- 
peated association of a stimulus situation with 
primary reinforcement (4)—were repeated 
daily for 24 consecutive days. Secondary rein- 
forcers established in much the same manner 
as described above have been found to serve 
as effective rewards for new learning (6, 8). 
They do not serve as drive reducers, according 
to the results of the present experiment and 
that of Simon, Wickens, Brown, and Pennock 
(7). The role of a secondary reinforcer, when 
it operates in learning, is much like that of a 
primary reinforcer, but its role in consumma- 
tory behavior appears to differ from the drive- 
reducing role of a primary reinforcer, 

A minor result of the experiment is that 
Group R consumed more food than one of the 
control groups (C2). In an earlier experiment 
(2), it was found that a group of animals which 
received daily striped-box experience under a 
relatively weak hunger drive did not consume 
as much food in the test trials as another group 
for which the daily striped-box experience came 
under strong drive conditions, Group C2, in 
the present investigation, received the same 
weak-drive training conditions. It is possible 
that these relatively satiated animals were es- 
tablishing a “conditioned satiation” in the 
striped box—that the striped box assumed 
satiating properties from its daily association 
with a state of satiation. Such an explanation 
would account for less eating in the test trials, 
This notion, however, does not explain the dif- 
ference in drive-reducing properties between a 
“conditioned satiater” and a secondary rein- 
forcer: Why should one reduce drive while the 
other does not? 

Although it cannot be concluded definitely, 
the evidence suggests that Group R also con- 
sumed more food than the other control group 
(C1), for test trial 1 alone. It would seem likely 
that test trial 1 is a better measure than test 
trials 1 to 4 combined. At the time of test trial 
1, all animals in all groups were alike with re- 

spect to (a) amount of food eaten daily for the 
24 preceding days and (b) time since last feed- 
ing—12 hr. The groups differed only with re- 
spect to condition under which the 24-day daily” 
feeding experience had occurred, and this was 
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the experimental variable in this investigation. 
In the latter test trials (2, 3, and 4), the results 
may be obscured by the fact that all groups 
now have had eating experience in the striped 
box under hunger conditions which were pre- 
sumably similar, and it might seem that any 
initial differences in the groups, existing at the 
time of test trial 1, would disappear. 

From the results of this experiment, it seems 
that a secondary reinforcer does not reduce a 
primary hunger drive; there is suggestive evi- 
dence that it operates to increase the drive 
level. It is possible that a secondary reinforcer, 
which has previously been associated with 
food and eating, would acquire the property 
of stimulating appetite for food. The presenta- 
tion of this “secondary reinforcer” would be 
expected to increase eating, rather than cur- 
tail it. This might describe the operation of a 
conditioned appetite. When food is presented 
to a hungry animal, it is not likely that sight 
of the food serves to reduce hunger drive, but, 
on the contrary, that it serves to increase 
hunger drive. Eating the food would be ex- 
pected to reduce hunger, but seeing the food 
might be expected to increase hunger. Sight of 
food can be considered a secondary reinforcer; 
the secondary reinforcer used in this experi- 
ment, the striped box, might be expected to 
operate similarly, 

The phenomenon of secondary reinforce- 
ment was probably given this name because of 
the discovery that it exerts an effect on learn- 
Ing similar to that of “primary reinforcement.” 
They both facilitate learning. They seem to 
have opposite effects upon drive, however. A 
Primary reinforcer has a “quieting” effect, 
while a secondary reinforcer seems to have an 

arousing” or “energizing” effect by means of 
which drive is made stronger. 3 

The superiority of Group R in this experi- 
ment might be interpreted in terms of condi- 
tioned appetite. 


SUMMARY 

A group of rats (Group R) was fed daily in a 
striped box in order to determine whether the 
striped box would acquire hunger-reducing 
Properties. On later tests of eating in the 
Striped box, Group R did not eat less than two 
control groups: C2 which had received daily 
Striped-box experience without feeding theres 
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C1 which had received no striped-box experi- 
ence. 

These results suggest that a secondary rein- 
forcer does not acquire the property of reducing 
a primary drive. 

Two interpretations are suggested; these are 
called conditioned satiation and conditioned 
appetite. 
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CUES FOR DISCRIMINATION AS SECONDARY REINFORCING AGENTS: 
A CONFIRMATION 


WILSE B. WEBB ano CARSON Y. NOLAN 


Washington University 


Recently there have been a number of fruit- 
ful researches attempting to establish the con- 
ditions and characteristics of secondary rein- 
forcement. The present experiment represents 
a confirmation of one of the hypotheses de- 
veloped from such research. Schoenfeld, An- 
tonitis, and Bersh have concluded, in regard to 
secondary reinforcement, that “... selective 
reinforcement (i.e., discrimination training) is 
ordinarily required to yield a measurable ef- 
fect” (3, p. 44). Other confirming data have 
been obtained by Dinsmoor (1), and a pre- 
vious experiment by Williams could be directly 
interpreted in these terms (6). The present 
experiment’ represents a further confirmation 
of this hypothesis. 


METHOD 


Twenty animals were trained to respond to black 
or white curtains in a discrimination device. The ap- 
paratus used was a modification of that devised by 
Grice (2). In the Grice apparatus S emerges from a 
starting box and is faced with a black and a white alley 
with black and white curtains. The alleys extend di- 
rectly in front of S. He may choose either alley. Either 
the black-curtain alley or the white-curtain alley 
choice is rewarded by food in a small cup about 12 in. 
from the curtain. The sides on which the black and 
white stimuli appear are alternated randomly. Re- 
tracing is not permitted. 

In the present experiment one-half the Ss were 
trained to a black curtain and one-half the Ss were 
trained to a white curtain; the alleys and the goal box 
were gray. The food cup appeared only on the rewarded 
side. After an initial day of 10 trials, the Ss were given 
15 trials a day for 7 days. All Ss used in the later tests 
learned the problem to a criterion of 14 correct choices 
in 15 daily trials. Two Ss failed to learn and were dis- 
carded. One animal died. 

On the last day of training, the animals were given 
4 test trials in a T maze with black and white goal 
boxes. No food was present in either the white or the 
black goal boxes on these trials. The goal boxes were 
placed at right angles to the maze arms so that they 
could not be seen from the choice point. The goal box 
which was the same color as the Ss’ discrimination cue 
was placed on the opposite side of the Ss’ position 
preference as exhibited in the discrimination apparatus. 


If the cues of discrimination had developed a property + 


of reinforcement, we could expect a tendency for the 
Ss to go to the side of the goal box which was the same 


color as the discrimination cue, i.e., the animals that 
had previously been trained to black should now 
show a greater approach tendency to black goal boxes 
than to white goal boxes, on trials subsequent to the 
first trial, etc. The direction of the choices in the two 
groups supports this prediction. Sixteen of the last 
three trials (a total of 27 choices) in the animals trained 
to black during discrimination were to the black goal- 
box side; 13 of the 24 choices for the white-trained 
group were to the white side. A total of 58.8 per cent 
of the choices on the last three T-maze trials were to 
the goal box having the cue to which the animal had 
been trained. None of these differences, however, could 
be shown to be significantly different, and a further 
atternpt to measure the secondary reinforcement was 
instituted. On the following day, after 10 “refresher” 
trials in the discrimination device, the Ss were trained 
to go to one side or the other in the T maze. Half the 


TABLE 1 
Subgroup Means for the Training and Retraining 
Conditions 


SIMILAR CUES DISSIMILAR CUES 


Discrimination white 
Goal box black 
6.25 (N = 4) 


Discrimination black 
Goal box black 
4.6 (N = 5) 


Discrimination black 
Goal box white 
9.8 (N = 4) 


Discrimination white 
Goal box white 
5.0 (N = 4) 


Ss found food in a goal box which was the same color 
as their discrimination color, i.e., if trained to go to 
white in the discrimination device, they found food in 
a white goal box. The other half of the Ss found food 
in a goal box which was opposite in color to that which 
had been positively rewarded in the discrimination 
device. The groups were matched so that each of the 
subgroups had had an approximately equal number of 
trials to each side during the previous test period. 

„It should be expected that if a state of secondary 
reinforcement was evoked in the presence of the color 
cue, learning would be facilitated in the group which 
had to learn a response followed by this group’s “‘second- 
ary reinforcing” stimulus or cue. In such cases the 5S 
would receive both primary and secondary reinforce- 
ment following the correct choices and no reinforcement 
for the incorrect choices, In contrast, the opposite- 
trained group would be slowed down in rate of learning 
by finding primary reinforcement on one side an 
secondary reinforcement on the opposite side. 
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RESULTS 


The results, by subgroups, are given in Ta- 
ble 1. The groups in which the discrimination 
cue and the goal boxes were the same color 
learned more rapidly. An analysis of variance 
results in an F of 5.16 for the columns (simi- 
larity-dissimilarity variable). This is signifi- 
cant at between the 1 per cent and S per cent 
levels of confidence. The other F’s were not 
Significant. 


CONCLUSIONS 


The results indicate that stimuli which serve 
as discriminanda for primary reinforcement 
will acquire the property of reinforcement. 
Several unpublished experiments by the pres- 
ent authors fail to reveal demonstrable second- 
ary reinforcing effects of neutral cues associ- 
ated with reward when these cues did not serve 
as discriminanda for the reward, e.g- black 
and white goal boxes in T mazes. Similar re- 
sults have been reported by Seeman and Kje- 
naas (4) and by Schoenfeld, Antonitis, and 
Bersh (3). It is conceivable that discrimination 
training in relation to the neutral cues is a 
necessary condition to “sensitize” the animal 
to such cues. Whether such a condition is fa- 


cilitative or is necessary has not, however, been 
established. ‘ 

The present data are supportive of the 
Spence-Grice statements in regard to secondary 
reinforcement and discrimination learning (2 
5). This interpretation has indicated a critical 
role of immediate secondary reinforcement in 
response to the discriminanda. Our data indi- 


cate that such secondary reinforcement is op- 
erative. 
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THE EFFECTS OF HUNGER AND TYPE OF MANIPULANDUM ON SPONTANEOUS 
INSTRUMENTAL RESPONDING! 


EDWARD J. MURRAY 


Yale University 


z 


Several studies have shown that spontaneous 
activity increases with hunger (4). However, 
little is known about the effect of drive on the 
spontaneous occurrence of a specific instru- 
mental response. One purpose of this study was 
to determine the effect of hunger on spontane- 
ous responding in a Skinner box situation. 

The kind of manipulandum offered the 

animal may also influence spontaneous in- 
strumental responding. Human subjects spon- 
taneously respond more to a larger or brighter 
stimulus (1). Under some conditions, spon- 
taneous responding in the Columbia Skinner 
box (5) is higher than extinction responding 
in the Yale apparatus (2, 3). Among other 
differences, the Yale apparatus has a much 
shorter bar. The second purpose of this study 
was to measure spontaneous responding with 
a short Yale bar, a long Columbia bar, and a 
chain in identical Yale-type boxes. 


METHOD 
Subjects and Apparatus 


The Ss were 103 male albino rats 90 to 110 days 
old. The apparatus consisted of three identical Skinner 
boxes of the type described by Ellson (2). Each was a 
12-in. cubical compartment enclosed in a large shell 
packed with insulating material. A 714-w. frosted light 
bulb was placed over the center of an observation 
window on top of each box. The interior was painted a 
uniform pewter gray. The compartment was ventilated 
by a gentle stream of compressed air and contained a 
water bottle near the front. 

The short-bar box had a bar 2.17 in. long and % in. 
in diameter which was 1⁄4 in. in front of and parallel to 
the rear wall. The long-bar box had a bar 4.0 in. long 
and 1⁄4 in. in diameter in the same position, The éhain 
box had a beaded lamp chain instead of a bar. The chain 
hung through a hole in the top of the box and swung 
freely 14 in. in front of the rear wall at the height of the 
bars in the other boxes. In all three boxes, the response 
mechanism required a force of 15 gm. for a complete 
depression. 


1 This study is based on a master’s thesis submitted 
to Duke University. The author wishes to express his 
gratitude to Dr. Sigmund Koch for his advice and aid 
throughout the study. The author also wishes to express 


his appreciation to Dr. Karl Zener for his encourage-’ 


ment and material support. 


Procedure 


The rats were habituated and satiated by a pro- 
cedure identical with that of Perin (3). Briefly, this 
was as follows: On days 1 to 7, the rats were fed wet 
mash in their home cages for 14 hr. a day. On days 8 
and 9, they were only fed dry pellets for }4 hr. in the 
Skinner boxes each day. On day 10, 40 pellets were 
dropped one by one to the rats to achieve adaptation 
to the apparatus noises. On day 11 all rats were 
satiated for an hour on wet mash. 

Half the animals were tested immediately after 
satiation with 17, 16, and 18 rats in the short-bar, 
long-bar, and chain boxes, respectively. The other half 
were tested 23 hr. after satiation with 18, 17, and 17 rats 
in the three boxes, During testing, the response mecha- 
nisms were in the boxes for the first time, and the 
number of responses in an hour was recorded. An analy- 
sis of variance showed that the six groups were homo- 
geneous with respect to body weight, amount eaten at 
satiation, and time to consume the 40 pellets during 
habituation. 


TABLE 1 
The Mean Number of Spontaneous Instrumental 
Responses in an Hour for Two Levels of Hunger 
and Three Types of Manipulandum 


| MANIPULANDUM 
HUNGER | = 
| Short Bar Long Bar Chain 
Satiated | 2.00 2.60 2.61 
23 hours | 2.38 21.18 23.00 


RESULTS AND DISCUSSION 


The results are shown in Table 1. At satia- 
tion responding is low in all three boxes. 
After 23 hr. of deprivation, the number of 
responses is reliably higher (p < .01) for both 
the long-bar box and the chain box but nol 
for the short-bar box. At 23 hours responding 
in both the long-bar and chain boxes was 
reliably higher than in the short-bar box 
($ < .01). An above-below the median chi- 
Square analysis was used since the data were 
not normally distributed nor were the variances 
equal. Measures of the number of responses 
and time before a 5-min. criterion gave 
similar results. 

The effect of the larger bar and the move 
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` ment provided by the chain may possibly be 


explained by stimulus intensity (1) interacting 
with drive to influence innate or previously 
learned behavior. However, the manipulandum 
Properties, variation of which governs spon- 
taneous response strength, cannot be specified 
from the present data. Nor can it be assumed 
that spontaneous instrumental responding is 
any simple function of hunger, for whether 
hunger will exert an effect seems itself con- 
tingent on the type of manipulandum. 


CONCLUSION 


Spontaneous instrumental responding in 
the Skinner box is jointly dependent upon 
hunger and type of manipulandum. 
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RESPONSE LATENCY AS A FUNCTION OF CHANGE IN DELAY OF REWARD! 


JOHN P. SEWARD 
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Early studies showed that performance in 
learning situations was a function both of 
amount (6) and delay (7, 19) of reward. It is 
natural that theorists should attempt to lump 
these two variables in a single treatment. Thus, 
Hull (9) made the limit of habit strength a 
positive growth function of amount of reward 
and a negative growth function of its delay. 
More recently (10), denoting these two func- 
tions as K and J, respectively, he entered them 
as multipliers of sHz in determining reaction 
potential. Spence (17), in a recent modification 
of this view, suggested a single incentive-moti- 
vational factor, K, determined by amount and 
delay of reward. As he pointed out, however, 
there is much less evidence for the nonassocia- 
tive character of delay than for that of amount. 

Two problems are involved: (a) Assuming 
that incentive variation influences sHp, does 
it affect the upper limit or the rate of approach 
to that limit? (6) Assuming a constant rate of 
approach, is performance level determined by 
way of sHr or directly through Ep? 

Varying amount of reward, Crespi (1) and 
Zeaman (20) presented convincing answers to 
both questions. Growth curves fitted to their 
data (11, 20) had the same exponential con- 
stants but different asymptotes. When the 
asymptote had been reached, increase or de- 
crease of reward produced a rapid shift to the 
performance level characteristic of the new 
amount, a result pointing to a direct effect of 
the variable on sEp. There was even evidence 
of a “contrast effect” not predicted by either 
of Hull’s formulations. 

Turning to delay of reward we find le$ cer- 
tainty. Hull (11), who had already expressed 
doubt as to the relation between J and sH, 
(10, p. 176, footnote 2), analyzed Perin’s data 
on latency of bar pressing. Converting latencies 
to units of sEr, Hull showed that fitted growth 
curves varied both in asymptote and expo- 
nential constant as functions of delay of rein- 
forcement. Frank, in an unpublished experi- 
ment (personal communication from Lewis B. 

1 Aided by a grant from the Committee on Research, 
University of California, 
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Frank), trained hungry rats in a runway to a 
delayed food reward. He found that those Ss 
that learned reached the same latency asymp- 
tote as a group with immediate reward but 
took longer to reach it. 

A test of the second problem stated above is 
to change the delay of reinforcement after 
learning has taken place. Spence predicted that 
if habit was the mediating variable, response 
strength would not be reduced when delay was 
lengthened. If habit was not involved, how- 
ever, reduction of response strength would be 
immediate. 

Two studies from the Iowa laboratory were 
concerned with this problem. Harker (8) 
trained two groups of rats to press a bar with 
delays of 1 and 10 sec., respectively. After 40 
trials he reversed delays for half of each group. 
Using latency reciprocals, he found that the 
group with decreased delay gained more than 
the 10-sec. controls but failed to overtake the 
1-sec. controls. The group with increased delay 
continued to improve at a rate not significantly 
slower than that of the 1-sec. control group. 
Although these results are complicated by the 
fact that learning was still in progress, they 
point to the importance of a habit factor. 

Logan (13) trained rats to touch either of 
two bars, one with a 5-sec. delay of reinforce- 
ment, the other with a 1-sec. delay. When he 
reversed delays for half the animals, their 
choices and response times gradually shifted 
until they reached those of the controls. In the 
light of Spence’s predictions these results are 
equivocal. The loss of response strength with 
increased delay argues against the role of habit, 
the gradualness of that loss argues for it. As 
Logan pointed out, the rate of change may 
have been retarded in his study by stimulus 
generalization between the two bars. 

In the present experiment delay of reinforce” 
ment was changed after improvement in the 
performance of a single response had reache 
a plateau. It should, therefore, provide needle” 
Supplementary evidence on which to base 
decision between sHz and sEp. Incidentally» 
we hoped to throw light on problem a, 1.€., t 
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arestiomt olf how Ribs all, delay of reward 
affects the;course of initial learning. 


METHOD 


e easy E em 
E ondary reinforcement. In so far as 
that ee se produces a change in the external situation 
= ae s until reinforcement occurs, the effectiveness 
E ae is diminished. This was amply demonstrated 
(3) A maze by the studies of Wolfe (19) and Perkins 
AEM second restriction is imposed by the necessity 
ane ard control of the time interval between response 
ae orcement. On both counts the running response 
eae y Crespi, Zeaman, Deese and Carpenter (2), 
dica rank in similar work was rejected. Logan’s (13) 
E imination method | probably provides the best 
ntrol of secondary reinforcement but introduces the 
peaton effects already mentioned. As a compro- 
fan between these requirements we resorted to the 
pressing response used by Perin and Harker. 
R Four groups of rats, two experimental and two 
tae were trained to press a bar; in one E and one 
group the response was rewarded by a pellet after 
= sec., in the other two groups after 10 sec, These 
a intervals were chosen to permit a poss! 
ect to appear. Response latencies were meas 
a each S reached an arbitrarily designated asymp- 
€; experimental Ss were then switched to the op- 
Posite delay while control Ss were kept under the same 
conditions. Training continued until each S met the 
criterion of an “asymptote” a second time. 


ured 


Apparatus? 


b The training situation wa 
ox with a wire floor. A vestibul 
and a main compartment 9 by 6 
rated by a sliding transparent plastic door. Each part 
Was lighted by a 6-w. lamp under a hinged roof of 
window screen painted white underneath. Darkening 
€ room gave one-way vision of the interior. In the 
wall of the main compartment opposite the door, 1 
horizontal slit through 


which the bar, a T-shaped piece of metal 2 in. across, 
Could be inserted 5¢ in. and withdrawn. Just to the 
tight of the bar an aperture 134 by 134 in. was closed 
oted at the top. When the door was 
s in which the pellet was 


s an unpainted wooden 
le 7 by 4 by 534 in. 
by 534 in. were sepa- 


Y a metal door piv 
Teleased, it exposed a reces: 
Placed. 


Raising the vest d a mercury switch 


and starte electric clocks, one recording seconds, 
the E of seconds. Depression of the 
ar by about 1 mm. stopped the clocks. At the same 
aoe it activated two Hunter dee jer eee 

2 i and set to gl S-sec. 
“Empat Ee ested period of delay. This 
to the food recess and simul- 
hum in the releasing relay. 


jbule door trippe 


neously produced a sharp 


Proced 
ure 
e put on & 24hr. feeding 


Adaptation. Animals wer 5 
thythm two to five days before the experiment began 


? The writers are indebted to Mr. Slade Hulbert for 


building most of the apparatus. 


ible contrast _ 


and kept on it thereafter. They were fed a St 

wet mash diet 30 to 40 min. at the end of a ae 
The pellets used as reward were “Little Friskies” do = 
food, selected to weigh close to 0.15 gm. each. g 

Adaptation took place in four steps, during which 
the bar was never presented: 

Day 1. Each S was allowed two 5-min. periods to. 
explore the box with doors open. 

Day 2. Two dry runs of 5 min. each were given. 5 
was started in the vestibule with doors closed and 
allowed to enter the main compartment. To accustom 
S to the noise of the releasing magnet, the food door 
was opened four times at 1-min. intervals. 

Day 3. S was given four runs. On the first two runs 
S was permitted to eat five pellets scattered about a 
temporary paper floor. On the last two runs the paper 
floor was removed and S was allowed to secure five 
pellets, one at a time, through the open door of the 
food recess. 

Days 4 to 6. To 
had to be pretraine 
door was opened. For 


ensure uniform delay of reward, S 
d to get the pellet as soon as the 
this purpose the hum of the 
releasing mechanism served as a discriminative stimu- 
lus. Four runs a day were given; on each run E baited 
and released the food door five times. Pretraining cov- 
ered at least three days, or 60 trials, and continued until 
S secured the pellet with a latency of less than 3 sec, 
on 15 out of 20 trials. Æ made a point of sounding the 
door release when S was in different positions, most 
frequently when 'S’s head was directed toward the 
location of the bar. Most rats completed this part in 
three days; & few took four to seven days. 

Training. Next day the bar was presented for the 
first time and training was begun under conditions of 
delayed reinforcement. Three trials were given on the 
first day, four trials on the second and third days, and 
five trials a day thereafter. Trials were spaced, with 
most intervals falling between 10 and 20 min. 

On each trial S was lowered into the vestibule with 
its head toward the rear wall. The door was raised as 
soon as 5 faced it and lowered after S passed through. 
Five minutes were allowed for pressing the bar; if no 
response occurred, E released the food door by a hand 
switch. When a response was made, E withdrew the 
bar as soon as S let it go. After S had eaten the pellet, 
it was returned to the living cage until the next trial. 
Starting with day 4, if a rat failed to respond on 10 


trials, it was discarded. 


Criterion of Learning 
A critical feature of the method was the selection 
of a performance level at which to change the delay for 
the experimental Ss. Such a criterion had to meet the 
following requirements: (a) Because of wide individual 
differences in learning rate it should be applicable to 
the scores of a single S. (b) It should be strict enough 
final level. (c) It should be lenient 


to approximate & oni 
enough to prevent large amounts of overtraining. 


(d) Since performance might shift up or down as a 
result of change in delay, the criterion should exclude 
a trend in either direction. (e) To reveal sharp sub- 
sequent fluctuations, it should specify an upper limit of 
variability as well as trend. (f) It should be simple to 


com} ute. 
n t these requirements, the following procedure 


To mee! r 
was adopted: Every day each S’s median response 
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latency was obtained. Calculations were based on even- 
numbered series of 6, 8, 10, or more consecutive daily 
medians. Means were computed for each half of the 
series (Xi, X2) and for the whole series (X). The S 
was held to have reached his asymptote when: (a) the 
absolute difference between Xi, and Xz was not more 
than 0.2 X; (b) X was not more than twice the smallest 
daily median of the series. 

The day after reaching this criterion each experi- 
mental S in the 2.5-sec. delay group was shifted to a 
10-sec. delay; each member of group 10E was shifted to 
2.5 sec.; groups 2.5C and 10C continued with the same 
delays as before. Training for each S was complete 
when it was again brought to the criterion. 

A difficulty cropped up in the well-known variability 
of latency measures. After the data were collected, our 
working definition was found to need revision. In a 
few cases it proved to be too lenient; in a larger number, 
too severe. To arrive at a more satisfactory criterion, 
we plotted daily median latencies for each S. Using 
series of six to eight scores, we computed values for 
the three expressions given below at two points in 
each plot: the apparent asymptote and the “next best” 
preceding series. Each expression thus gave two fre- 
quency distributions. Cut-off points were then selected 
so as to lose as few cases as possible without including 
any “premature” asymptotes. The values finally chosen 

as a revised definition of asymptote for treating the 
results of this experiment were as follows:3 (a) 


| %:—X2 | 
xX 


R 
< 0.25; (b) a < 13; (c) ¥ < 11 sec. 


Subjects 


Fifty-seven hooded male rats, 3 to 5 mo. old, took 
part in the experiment. They were assigned to the four 
groups at random. One S was discarded for refusing to 
eat in pretraining, and 2 became ill. Four Ss in the 
2.5-sec. groups and 1 in the 10-sec. groups were dropped 
for persistent failure to press the bar within 5 min. 
Two Ss in group 2.5E and 2 in group 10C failed to 
meet the working criterion of learning, either the 
first time or the second. Finally, 6 Ss that completed 
the experiment failed to reach the revised asymptote. 
and their data were excluded. Of these 1 was in group 
2.5E, 2 in 10E, and 3 in 10C. The results reported 
below are based on the remaining 39 Ss, 


RESULTS 
Initial Training 


Latency asymptote. Our first objective was to 
compare the final levels of performance reached 
under the two conditions of delay. Because the 
latency distributions were skewed, we first 
transformed the median latencies determining 


3 One other rule was found necessary in establishing 
asymptotes; viz., a provision for excluding extremely 
deviant scores. Such a score was excluded if its distance 
from the next highest score was over half its distance 
from the lowest score in the series. For samples of six 
cases Dixon and Massey give 0.56 as the critical value 
of this ratio at the .05 level (3, pp. 146, 243). 
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each S’s asymptote into logarithms. From these 
logs we computed individual means and from 
these, group means. Reconverted into antilogs, 
the group means appear in the left half of 
Table 1. 

Since up to this point groups E and C had 
been treated alike, we are chiefly interested in 
the weighted means at the foot of columns 3 
and 4, showing a criterion latency of 1.6 sec. 
for the shorter delay and 3.0 sec. for the longer 
one. A ¢ test applied to the individual mean 
logs gave ¿ = 3.65, p < .01. 

Rate of learning. Our next question concerns 
the effect of delay of reward on rate of learning. 
Asa first approach we counted the number of 
days it took each S to reach its asymptote. In 
counting we started with the day after the first 
bar response, omitted all days with no response, 
and excluded criterion days. Means were as 
follows: for the 2.5-sec. groups, 8.5 days; for 
the 10-sec. groups, 13.4 days. Since the dis- 
tributions were somewhat skewed, a median 
test of significance was used (14). It yielded 
xX = 4.27, p = .05. 

A longer time to reach the criterion implies 
a slower rate of learning. On the assumption 
that habit acquisition follows a growth func- 
tion, a slower learning rate should be reflected 
in a smaller exponential constant. An attempt 
was made to test this inference on the present 
findings.’ Owing to wide variation within 
groups in number of days to reach an asymp- 
tote, the data were broken down into several 
subgroups, and a separate curve was fitted for 
each one. The exponential equation proposed 
by Graham and Gagné (5) and adopted by 
Zeaman gave fairly satisfactory fits by the 
least-squares method, much better than the 
power function that was also tried (4). Values 
of C, the “growth constant,” showed a regular 
decrease with increasing number of days to 
criterion. Similarly, its weighted mean value 
for all subgroups combined was greater for 2.5 
than for 10-sec. delay. Since the restriction to 
small samples resulted in large errors of esti- 
mate and precluded tests of significance, the 
detailed results are omitted. 


Change of Delay 


l Effect on final asymptote. Geometric mea? 
atencies at the second criterion, computed 


‘The mathematical aid given by Dr. Harold O- 
Gulliksen is gratefully acknowledged. 
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the same method as those at the first, are pre- 
sented in columns 5 and 6 of Table 1. It can be 
seen that group 2.5E reached a final level close 
to that of 10C, while group 10E approximated 
that of 2.5C. A simple analysis of variance ap- 
plied to the log latencies, however, gave F= 
hey with Fe 2.87 needed for significance at 
the .05 level. Little confidence, therefore, can 
be placed in the differences among these means. 


coxon’s T [18]) applied to the difference be- 
tween the 2.5-sec. groups failed to reach the 
.05 level of significance. 

i As in original training, it was hard to draw a 
single curve showing rate of change for all Ss 
in a group because of wide variation in number 
of days to criterion. A line drawn, however, 
between those Ss taking three days or less and 
those taking four or more divided all four 


TABLE 1 
Geometric Mean Latencies (In Seconds) at Criterion 
oioi m | peLays To Ist CRITERION DELAYS TO 2ND CRITERION DIFFERENCE 
a 2ND-1ST CRIT. £ 
| 2.5 10” 2.5" | 10" 
2.5E 1 1.6 | 2.9 1.3 3.07%" 
2.5C 11 1.6 1.9 0.3 0.95 
10E 9 | 4.0 1.6 —2.4 3.98** 
10C 8 | 2.1 2.6 0.5 1.20 
MEAT cave oon sant asa BAAR 16 | 3.0 1.8 2.8 
“* p <.01. 
TABLE 2 


Column 7 of Table 1 gives the mean differ- 
ences between first- and second-criterion laten- 
cies in the four groups. The Ps in the last col- 
umn show that both the increase of latency for 
group 2.5E and the decrease for group 10E 
were significant at p < 01, while neither con- 
trol group changed significantly. Tt is not sur- 
prising, therefore, that a simple analysis of 
variance of the log differences over all four 
groups gave F = 9.9, $ < Ole 

Table 2 presents (’s for the mean log differ- 
ences represented in column 7, Table 1. These 
ratios indicate that the shortening of response 
times brought about by reducing delay of rein- 
forcement was reliably different from the 
change occurring in either control group- The 
effect of increasing delay, on the other hand, 
was not dependably greater than the effect of 
Control conditions. . 

Duration of effect. AS 20 in 
the effect was sudden or gradi 
to know how long it too 
to reach the second asymptote. A count was 
made of the number of days between the last 
criterion trial at the first asymptote—1e. the 
Point at which delay was changed for the E 
8roups—and the first criterion trial at the 
Second asymptote. The following means were 
obtained: for groups 2.5E and 2.00; 7.9 and 
2.7, respectively; for groups 10E and 10C, 4.4 
and 3.2. Nonparametric tests (median a 


Tests of Significance (i) of Differences between Groups 


in Mean Latency Shift from First to Second Criterion 


GROUPS 
GROUPS 
2.5C 10E 10C 
2.5E 1.50 5.15** 1.23 
2.5C 3.77" = 
10E aoe 
e. p <0le 


s roughly in half. By including the six 
king up the criterion, it was possible 
n latencies for six days in the first 
d for 10 or 11 days in the second. 
These means were obtained, as before, by tak- 

ing antilogs of mean log latencies. p 
The six-point curves showed no appreciable 
differences among the four groups. The longer 
curves, however, give some idea of how the 
ffect in time. These 


change of delay exerted its € 
appear in Figure 1. The curve for group 10E 
drops below its control in the first 3 to 4 days 
and remains below it thereafter. Group 2.5E 
shows an g-shaped rise. It may seem note- 
worthy that these two curves eventually reach 
the lowest and highest positions of the four. 
Since they represent only a fraction of the ex- 

however, no generalization 


f erimental groups, 20 
about contrast effect is warranted. The signifi- 


cant feature of both curves is the absence of 
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any immediate response to the change of con- 
ditions. When a response did occur, it was 
gradual. 


5 


SECONDS 
o- NWF WAND oo 


DAYS 


Fic, 1. Geometric mean latencies after change of 
delay for Ss taking over three days to reach second 
asymptote. Curves smoothed by averaging successive 
pairs of means (except day 1 for 2.5-sec. groups). Each 
point represents N cases, as follows: group 2.5E, N = 
6; 2.5C, N = 4; 10E, N = 5; 10C, N = 4, 


DISCUSSION 


One question asked in the context of Hull’s 
earlier postulates was whether delay of reward 
affects the upper limit of habit strength or its 
rate of acquisition. Our results, together with 
Perin’s in a similar situation, suggest an influ- 
ence on both. Not only did our Ss with a 
shorter delay approach their asymptote at a 
higher performance level than Ss with a longer 
delay, but they tended to reach that level with 
less training. This finding fits the hypothesis 
that increasing delay of reinforcement leads 
to smaller increments of sHp. 

A second question, raised by Hull’s revised 
postulates, was whether delay of reward affects 
sEz immediately or only indirectly through 
slp. In Harker’s experiment, it will be recalled, 
improvement was accelerated by reducing de- 
lay but was not retarded by increasing it, In 
the present study no change was made until 

improvement had at least temporarily ceased; 
under these conditions not only did reduction 
of delay lead to further improvement, but in- 
crease of delay produced some deterioration, 
although the latter effect was less pronounced. 
As Spence pointed out, such an outcome pre- 
sents difficulties for an interpretation in terms 
of sHp. On the other hand, confirming Logan, 


we found that both effects took place slowly: 


over a series of trials, implying an associative 
factor. Moreover, in the present study as dis- 


tinct from Logan’s, this finding could not be 
attributed to generalization between two ma- 
nipulanda. It is clear that neither Hull’s earlier 
postulates nor his later ones can account for 
these results without modification. 

Spence (17) identifies K with the intensity 
of rg, the anticipatory goal response, which in 
turn is determined by amount and delay of re- 
ward. Although he refers to K as nonassocia- 
tive, he obviously means merely that it is inde- 
pendent of sHp, since re must be learned before 
it can enter sEz (16). In so far as the results 
on delay of reward imply an effect on habit, 
it is suggested that the habit involved is the 
conditioning of rg to present stimuli; not sHr 
but sH,,. 

But in so far as the results imply a nonasso- 
Ciative factor, this interpretation merely shifts 
the problem from one habit to another. If 
habits do not lose strength, an increase in de- 
lay of reinforcement should weaken sH+q no 
more than sH». To account for impaired per- 
formance we need another construct associated 
with delay of reward and parallel in function to 
conditioned inhibition. This process, provision- 
ally denoted slg, acts against sE,g just as sIr 
opposes sEp. In nontechnical language it might 
be called frustration. 

The present study provided much qualita- 
tive evidence for such a construct. Part of the 
variability of our latency measures seemed to 
be due to emotional behavior. Our animals fre- 
quently displayed marked hesitancy in ap- 
proaching and pressing the bar. Once they had 
made the response, however, their behavior 
changed to a vigorous scraping, “weaving? 
back and forth between food door and bar posi- 
tion until the door was opened. An observer 
could hardly escape the impression that these 
animals were in conflict about responding to 
the bar. To establish the relation of this be- 
havior to delay of reward, however, it would 
have to be shown to occur more frequently to 
long delays than to short ones. Unfortunately 
no such count was made.® 

Another problem faced by Spence’s ra hy- 
Pothesis is to explain the different results ob- 
tained by changing amount of reward and 
changing delay. In the first case the effect ap- 


_*° A complicating factor that may have caused cob 
flict aside from delay-frustration was the rapid Ww! ie 
drawal of the bar, which sometimes seemed to startle 
the animal and even, on a few occasions, caught & paw- 
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— after one trial and is complete or even 
ane (1, 20); in the second it builds up 
oo ae strength of re can be changed in 
ed ial by altering amount of reward, why 
yo d the same not be true of delay? 

TE sat may be found in the relative difi- 
Bits 4 of discrimination in the two cases. When 
a eek ope conditions are changed, a dis- 
> aon must be made, not between two 
Se us objects as in Logan’s study, but be- 
Wee an earlier and a later set of conditions. 
> ORES that the rate of adjustment will be 
n of the discriminability of the change. 
A ing to this view there was less ‘“‘before- 
pea generalization in Crespi’s and Zeaman’s 
oe than in those varying delay of 
L ard. Harker used delays of 1 and 10 sec.; 
wi 1 and 5; we used 2.5 and 10. It would be 
rap to try making the shorter delay as 
ai to zero as possible. Conversely, smaller 
: erences in amount of reward should make 
or slower shifts in performance. 


SUMMARY 


D Four groups of rats were trained to press & 
S two delays of reward, 2.5 and 10 sec., 

an experimental and a control group at 
en delay. An “asymptote” was defined, 
based on median daily response latencies of an 
individual S. On reaching this criterion experi- 
mental Ss were shifted to the other delay, 
While control Ss were kept under the same con- 
dition; training continued until the asymptote 


was reached again. 


Results were as follows: 
1. At the end of initial training, response la- 
tencies with 10-sec. delay of reward were sig- 


nificantly longer than with 2.5-sec. delay. 
2. The 10-sec. delay groups took longer to 
than the 2.5-sec- de- 


Teach the first asymptote 
lay groups. 

3. Reduction of delay from 10 to 2.9 sec. 
led to shorter Jatencies at the second asymp- 
tote, Increase of delay Fom ae to ae ate 
sulted in longer Jatencies. nly the former 
effect was significantly different from the con- 
trols. 

4. The changes resulting from poth increase 
and decrease of delay Wer gradual. 

These results were considered in relation to 
theories of the mechanism of delay of reim- 


forcement. 
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ON THE SELECTIVE REINFORCEMENT OF SPACED RESPONSES 


MAURICE P. WILSON anp FRED S. KELLER 
Columbia University 


A standard procedure, originated by D. M. 
Page and used in the Columbia laboratory for 
establishing a discriminative response in the 
white rat, is one in which the Positive stimulus 
(the S?) is presented after a period of no re- 
sponding in the absence of this stimulus 
(S2). Thus, when the S? appears and the rat 
responds, as by pressing a bar, it is reinforced 
with a pellet of food, after which Sê is pre- 
sented. The S” is again presented following a 
period (say 30 sec.) in which no responses 
during S* have appeared. Any response during 
S4 serves to postpone the presentation of S? 
for another 30 sec. The extinction of Sê re- 
sponding, essential to forming a discrimination, 
is accordingly compressed within the early 
minutes of training, and good discriminations 
(involving very few responses during Sê and 
low latencies to the S”) are rapidly established. 

A similar procedure of reinforcement may 
be used when no specific discriminative stimuli 
are presented. In such a case, reinforcement is 
contingent upon a response that follows a 
period of nonresponse. For example, a bar 
press is reinforced only if it follows the pre- 
ceding bar press by at least 30 sec. 

Skinner (3, p. 306) used such a technique in 
a successful attempt to break down high 
rates of responding that had previously been 
set up under periodic reinforcement. How- 
ever, more information from animals with no 
previous conditioning history is desirable. The 
present study was undertaken to determine 
(a) whether the strength of a conditioned 
operant (bar pressing) may be maintained 
under such a reinforcing schedule, (b) what 
changes in rate, if any, may be expected when 
the delay intervals are progressively increased, 
and (c) the nature of extinction following such 


a procedure. 
METHOD 


Three male albino rats of Wistar strain, approxi- 
mately five months old, were used. Prior to and during 
experimentation, they were housed in individual living: 
working cages (2) and fed daily after 2214 hr. of food 
deprivation. Purina Laboratory Chow Checkers made 


up the basic diet, and the same food, in the form of 
1-gr. pellets, was used to reinforce the bar-pressing 
response. 

During experimental sessions, which were 1 hr. 
long, the living-working cages were placed inside sepa- 
rate lightproof, sound-resistant cubicles, which also 
contained the lever and the automatic food magazine. 
The animals were observed by means of a mirror placed 
over the cage and glass windows which replaced the 
lightproof doors. Illumination within the cubicle was 
provided by a 9-w. General Electric red lamp mounted 
11 in. from the top of the cage. Previous work had 
shown this light to be nonaversive. The experimental 
room itself was dark. 

The recording apparatus, the lever, and the food 
magazine were modified forms of those described else- 
where (see 2). The bar portion of the lever was 3¢ in, 
in diameter. It required approximately 10 gm. of force 
for depression and moved through a vertical distance 
of 14 mm. Since there were slight differences in lever 
operation, care was taken to see that each animal used 
the same apparatus throughout the experiment. The 
food magazine was made to discharge pellets rather 
than ground food. Cumulative kymograph records of 
responses to the bar, as well as polygraph records of the 
responses and the reinforcements, were made. 

Reinforcement was accomplished by means of a 
timer and relay circuit which permitted the proper 
responses to operate the magazine solenoid. This ap- 
paratus was in the experimental room but not in the 
cubicles with the animals. The relay noises were audible 
within the cubicles; however, they presented no regular 
discriminative stimuli. 

An outline of the experimental procedure is given 
below: 

1. Six days of feeding regimen during which Lab. 
Chow was present for 114 hr. followed by 224 hr. of 
deprivation. 

2. Seven daily 1-hr. periods of unconditioned bar- 
Pressing rate determinations (operant-level determina- 
tions) followed by the regular feeding periods. 

3. One day of conditioning with 30 regular reinforce- 
ments. 

4. Thirty days, 1 hr. daily, during which reinforce- 
ment was contingent upon the following delay periods: 
10 sec., 5 days; 15 sec., 6 days; 20 sec., 6 days; 25 sec.» 
6 days; 30 sec., 7 days. P 

5. Five daily 1-hr. periods of extinction, during 
which no bar presses were reinforced. 

Experimentation was conducted at the same hour 
on consecutive days after the feeding regimen had bee 
established. At the beginning of each se 
period, when the rats had been deprived of food for 217 
hr., the cages were placed within the cubicles, the levers 
were inserted, and the doors were closed. During H 
30 days of training the first bar press on each day Wa’ 
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a Th a pellet of food, and, thereafter, all 
ah ete recorded but reinforcement was given 
terval. a response came after a specified delay in- 
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nee eoan on unconditioned rate of bar pressing are 
study ee to the:busic experimental questions of this 
pans a collected for the sake of later com- 
DrOvideran he 30 regular reinforcements were given to 
ee ean estimate of the interval between responses 
study with is our smallest delay interval. A previous 
preset a Sii animals had already shown that bar 
SAE Aa be conditioned when, from the beginning, 
terval. nt is contingent upon a 30-sec. delay in- 


RESULTS AND DISCUSSION 


F ci ; 
T Figure 1, the median number of re- 
FES es emitted by the three animals during 
experimental hour of the delay training, 


TOTAL RESPONSES 


30 


10 15 20 25 
SUCCESSIVE DAYS OF TRAINING 
Fr 
i cts Total number of bar presses emitted during 
median’, of delay training. Each value represents the 
value obtained from three animals. The num- 


bers b 
etween verti A Ea pate 
prevailing, ertical lines indicate the delay interval 


Te two findings. First, during the 10-sec. 
awed interval there is an orderly day-to-day 
Atop ase in the number of responses. This 
ne peed reflects the acquisition of col- 
arth, ehavior to be discussed later. Second, 
liten, animals are advanced to each new delay 
Sen al, the drop in the number of responses 
Ses ts during the first hour, and the number 
at ag t fairly constant throughout training 
ciie at interval. The greatest absolute differ- 
and in rate at any interval—betweett days 8 
ie O—represents a difference of less than two 
ge per minute. Whether or not the rate 
in uld continue to drop with prolonged train- 
a at a given interval is not answered by this 

Udy, 
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dividing the number of responses during the 
last hour at each interval by 60 min. The 
linear curve, with a slope of —0.17, was fitted 
by the method of averages. Over the delay 
intervals used, the curve describes the rate 
function reasonably well. 

Before considering the rest of the data, it 
will be helpful to analyze the reinforcing 
contingency that prevails. A response is never 
reinforced if it immediately follows a response; 
thus, a high rate of responding cannot be 
strengthened. Reinforcement of a single bar 
press serves to strengthen the response, but 


reinforcement will oc 


cur again only when the 
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That many ring t 
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forcements E n t corresponding days in 
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Figure al between responses, the A 
time relatively small compare with 
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were taken from frequency distributions of the 
R-R intervals during the last hour at each 
delay interval.) The increases in R-R intervals 
with increases in delay intervals are regular 
but relatively slow. This is probably due to 
the fact that the effects of extinction are not 
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Fic. 3. Median R-R intervals for each animal during 
the last hour at each delay interval. Times were meas- 
ured from the end of one bar press to the beginning of 
the next. The points for rats no. 2 and no. 3 have been 
displaced 5 sec. upward on the ordinate. 
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Fic. 4. Total reinforcements during the last hour 
of training at each delay interval. Each point isa median 
value obtained from three animals. 


reflected in the bar-pressing behavior as 
quickly as are those of conditioning. The 
decrease in the number of reinforcements 
at the higher intervals (Fig. 4) is much more 
rapid than the increase in the R-R intervals, 
Thus far, the data show that even though 
reinforcement does not occur for rates which 
exceed those dictated by the delay intervals, 


the rate of responding is considerably greater 
than that which would yield the maximum 
number of reinforcements, and that many 
responses go unreinforced before the strength 
is low enough to permit another reinforcement. 

As Estes (1) has pointed out, in the free- 
responding situation the sum total of the 
probabilities of individual responses’ occurring 
must equal unity. This statement implies that 
the organism must be doing something at all 
times, and that if the probability of one re- 
sponse decreases, that of incompatible re- 
sponses must increase so that the sum of the 
probabilities is one. Applied to the experi- 
mental situation we are considering, this 
means that following reinforcement, bar 
pressing has a relatively high probability of 
occurrence and, as indicated previously, a 
number of extinction responses are emitted. 


200, 


100 


Responses 


TIME -- Each record one hour 


Fic. 5. Cumulative bar-pressing curves for rat no. 
2 during 5 hr. of extinction 


Since none of these responses is reinforced, the 
immediate strength of bar pressing (and, hence, 
the probability of its occurrence) drops, and 
the animal emits behavior which has gained 
Precedence. In the apparatus used, this be- 
havior may be grooming, going to the water 
bottle, going to the food-cup slot in the rear 
of the cage, or climbing on the back of the 
cage. If this behavior occupies a temporal 
span greater than the delay interval necessary 
for reinforcement, a bar press following this 
chain is reinforced. This reinforcement serves 
to strengthen not only bar pressing but also 
that collateral behavior which preceded the 
bar press. Thus, when bar pressing has been 
weakened by extinction, the collateral behavior 
Which has preceded prior reinforced bar presses 
has a slight differential in strength over other 
Possible behaviors and, if it occurs and oĉ- 
Cupies enough time, it will be followed by a re- 
inforced bar press. The strength of this col- 
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es Me pt is maintained through 
latio emtorcers provided by the stimu- 
n attending the responses which make up 

a goe chain of behavior. 

thou; itati 

oa a cine E 
bar presses, in the case of oe ee ee 
developed ‘an easil ‘ Shi ian: rs 
‘ y recognizable and pre- 
dictable form of collateral response. Since 
this behavior was not specified in the rein- 
forcing contingency, it was not surprising to 
observe that it was different for each animal. 
Between bar presses the animals emitted the 
following chains of behavior: Rat no. 1 went 
to the water bottle, poked its nose through the 
food-cup opening, returned to the water bottle, 
and returned to the bar. Rat no. 2 turned 
away from the bar and groomed, poked itsnose 
through the food-cup slot, and returned to the 
bar. Rat no. 3 went to the water bottle and 
climbed on it, climbed the ventilation holes 
in the rear of the cage, poked its nose at the 
glass cover over the cage, and returned to the 
bar. Such factors as the number of paw licks, 
the number of trips between the food-cup slot 
and the water bottle, and the number of en- 
tries into and withdrawals from the food-cup 
opening contributed to the temporal spans 
of the chains. With the increase in delay in- 
tervals, more links were conditioned to the 
chain of collateral behavior. The relatively slow 
increase in the R-R intervals, pointed out 
above, may reflect the fact that the acquisition 
of these units further removed from the rein- 
forced bar press becomes increasingly more 
difficult. A further study is planned in which 
Measures of the acquisition and maintenance 
of this collateral behavior will be attempted. 


During extinction, 1 i 
were reinforced, there 38 an orderly drop in the 
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following intermittent reinforcement and con- 
tain none of the emotional bursts found in ex- 
tinction curves following regular reinforce- 
ment. Since the procedure of reinforcement 
does not permit the conditioning of high 
rates or patterns of bar pressing, it is felt that 
the technique may be used in isolating those 
factors which are responsible for the charac- 
teristically different behavior following inter- 
mittent and regular reinforcement. At present 
there are no intermittent reinforcement data 
with which the number of extinction responses 
obtained in this study may be compared. 


SUMMARY 


1. Three albino rats, after preliminary train- 
ing in the Columbia Skinner box, were rein- 
forced with food pellets for bar presses 
separated from the previous bar press by pro- 
gressively longer delay intervals, viz., 10, 15, 
20, 25; and 30 sec. 

2, As the delay intervals increase, (a) the 
rate of bar pressing decreases in a linear 
fashion over the range of intervals used, (6) 
the median time between successive responses 
increases slowly for each animal, and (c) the 
number of reinforcements decreases fairly 


rapidly. 
3. Each animal developed clearly defined 
collateral behavior during the intervals 


between successive responses. 
4, Extinction following such a reinforcement 

procedure resembles, in a qualitative fashion, 

that following intermittent reinforcement. 
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AN EXPERIMENTAL INVESTIGATION OF EXTINCTION AS A MEASURE 
OF RETENTION! 


R. W. GOODMAN 


Washington University” 


The phrase “resistance to experimental 
extinction” appears often in the literature of 
learning experiments, especially in connection 
with the theoretical systems of Hull (3) and 
Skinner (5), with an implication that the 
amount of resistance to extinction isa measure 
of retention of learning, a measure of “habit 
strength,” or a measure of “reflex reserve.” 
That concept is the subject of the present 
study. , P i 

The experiment was designed to investigate 
the role of experimental extinction as a measure 
of retention. The procedure is designed to com- 
pare experimental extinction measures with 
relearning scores after certain intervals of 
time, under normal conditions and under 
conditions designed to produce retroactive 
inhibition. We shall attempt to throw light 
upon the following matters: (a) What is the 
effect of extinction upon retention, as measured 
by relearning scores, in comparison to control 
groups? (b) How do relearning scores of ex- 
tinction and control groups, cited above, com- 
pare with relearning scores of groups which 
have undergone training on an interpolated 
problem? (c) What effect does learning of a 
second problem have on the extinction scores 
of the first problem? (d) To what degree are 
the extinction curves congruent with the Te- 
learning curves in indicating that they are 
measuring the same thing: retention or habit 
strength? 


METHOD 
Subjects and Apparatus 


The Ss of this experiment were 244 naive rats, bred 
at Washington University. 

There were two principal pieces of apparatus, a 
modified Skinner box, and a single-unit T maze. The 


1 This article is based upon part of a dissertation 
submitted to the Graduate School of Arts and Sciences, 
Washington University, in partial fulfillment of the 
requirements for the Ph.D. degree. The writer wishes 
to express his sincere appreciation to Dr. Marion E. 
Bunch for his invaluable assistance throughout the 
course of this investigation. 

? Now at Reed College. 


Skinner box contained a buzzer and a retractable lever. 
An electrical timing device automatically advanced the 
lever, at 55-sec. intervals, through a slot into the 
Skinner box. As the lever entered the box, the buzzer 
sounded for approximately 1 sec. The lever remained 
within reach of the animal for approximately 10 sec. 
If the animal would press the lever within that time, 
a pellet of food was automatically delivered into the 
food tray, to the right of the lever. A 55-sec. interval 
would then elapse before the lever entered the box 
again. Pressing the bar produced an incidental audible 
click. A minimum pressure of about 8 gm. sufficed to 
trip the lever and deliver a food pellet. The device did 
not deliver more than one pellet of food during any 
single bar presentation, as it was desired that the 
animal should, after pressing the lever, eat the pellet 
before pressing the lever again. If, after the animal ate 
the pellet, it would press the bar again, Æ delivered an 
additional pellet manually through the tube leading 
into the food tray. 

The wooden side of the box which was opposite the 
side where the food tray was situated (and opposite 
the side where the lever intermittently appeared) was 
constructed to be manually manipulated in a vertical 
direction. It served as the entrance to the maze. 


Procedure 


Preliminary training. Each animal was placed in 
the Skinner box about 10 min. per day for five suc- 
cessive days, where it was fed both from the food tray 
and from the lever fixed ina stationary position, in order 
to accustom the animal to the situation. a 

Learning of problem A. After preliminary training, 
all animals were trained on the Skinner-box problem. 
On the first day, a thin layer of grated cheese was 
spread on the lever in order to help overcome startle 
and fear induced by the sound of the buzzer. There- 
after, cheese was not used. Each animal was given 
ten trials (bar Presentations) per day. The criterion 
for learning of the problem was at least one bar pressing 
on each of ten consecutive bar presentations, not neces- 
sarily on any one day. The drives varied randomly 
between 20 and 24 hr. without food. Trials were run 
on successive days. After each rat had learned this 
problem, it was placed in one of the 12 experimental 
groups. This selection was a random one insofar as sex 
and fur color were concerned. The remainder of the 
selection Process was based upon an attempt to equate 
all 12 groups as closely as possible with respect to 
averages and variability in the following factors: 
number of trials until the criterion was reached, num- 

er of reinforced bar pressings occurring until the 
criterion was reached, hours of hunger drive, and age 
of the animal at the start of the experiment. A minimum 
of 20 rats was placed in each group. The schedule of 
the total procedure is listed in Table 1, 
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TABLE 1 
Schedule of Procedures 
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Extinction of problem A. During this phase of the 
problem, the buzzer sounded, the lever entered the 
Skinner box as in problem A, but food reward was not 
he criterion for extinction was a failure to 
lever at least once during ten successive bar 
t necessarily in the trials of any one 


given. T 
press the 
presentations—no 
day. 

Relearning of proble 
as in the original learning of 
the bar at least once during 
presentations, not necessarily 


day. 


m A. The criterion was the same 
the problem—pressing of 
each of ten successive bar 
in the trials of any one 


RESULTS 


For purposes of brevity we omit a table 
which indicates to what extent we have suc- 


ceeded in equating the 12 groups at the com- 
oblem A. However, each 


IN .! 
mn ed Pion RETENTION TESTS: (AFTER) pletion of learning pr 
S [ane PROB. | —— group learned the problem with an average of 
ae A ia 1 week 6 weeks 11 weeks about 60 trials, during which the animals 
x A Kel received an average of about 31 reinforcements 
DE Etan i al Relearn A under a drive which averaged about 21.75 hr. 
: A B | Relearn A The average age of the animals at the start 
eae |e Aj Relearn A of the problem was about 110 days. The means 
6) A T igaara and standard deviations of these factors were 
` Z g Relearn A not significantly different. le 
Sie A ii Extinguish A paama Table 2 lists the results of the extinction 
|) A Pah a procedure, and Figure 1 lists part of these 
|e 8 Exum A results graphically. With respect to trials to 
~ = es Extinguish A Criterion, there are NO significant differenecs 
TABLE 2 
Extinction Scores 
| INTERVAL BETWEEN TRIALS TO CRITERION TOTAL BAR PRESSINGS oe PRESSINGS 
GROUP LEARNING & 3 ai |a 
EXTINCTION Mean | sD Mean SD Total 
= —— | 5 18.44 232 
„4: £ 
2 1 week 20 183.45 119.01 141.45 118 a 22 
3 205.75 109.66 160.05 , 
4 1 week 20 . 2.65 212 
158.60 135.46 142.80 152. 
e TRT A i 124.10 110.43 79.52 179 
10 e 21 oe | 2 gi.oo | 102.17 72 
i yes 3 94.60 100.80 166 
12 11 weeks 20 140.45 109.85 | 
tandard deviations. How- 


th 

ae door previously 

Be S into the maze. Half of 
he choice point, and 


Teward į i 
in the maze. Each rat ¥ as given 
tr: Y on six successive days, tal of 90 tin ines 
aining was stopped. This provided a unio 
Interpolated trainin} d also appro J 
aining an z 
mbers of rewarded trials in the maze for the vato 
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“Ps concerned. 


“nificantly differ! 


between means or S! i 
ever, a striking trend of scores is noted; in 
every case, the groups which underwent inter- 
polated training (groups 4, 8, and. 12) on the 
maze required more trials to extinguish the 
original problem than did their control groups. 
For total bar pressings we again find no sig- 
nificant differences between means. The stand- 

6 and 8 are sig- 


deviations of groups 
oe ent at the 2 per cent level of 
confidence. Groups which had interpolated 
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MAZE TRAINING 
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NUMBER OF EXTINCTION TRIALS 


1 6 "u 
NUMBER OF WEEKS BETWEEN LEARNING 
AND EXTINCTION 


Fic. 1. A curve of resistance to extinction, drawn 
through the means of the groups 


maze training pressed the bar more often 
during extinction than did groups which did 
not have such training in two of the three 
comparisons which can be made. “Aggressive 
bar pressings” refers to a type of response 
found only in the extinction procedure. It 
consisted of biting the bar, engaging in a tug- 
of-war with it, jumping on the bar, etc. Aver- 
ages were not computed for this type of response 
because of the variability of the number of rats 
which engaged in such behavior. In two of the 
three comparisons Which can be made, groups 
which underwent interpolated maze training 
showed more aggressive responses during ex- 
tinction than did groups which did not have 
such interpolated training. 

Table 3 lists the results of the relearning 
procedure, and Figure 2 is a graphic illustration 
of part of these results. 


TABLE 3 
Relearning Scores 
| % OF NON-BAR- 
TRIALS TO RELEARN BAR PRESSINGS SAVINGS |PRESSING TRIALS 
(REWARDED) SCORES ON WHICH 
GROUP EXT. A RELEARN A ANTICIPATORY 
MAZE-ENTRY 
Mean SD Mean SD % saved poaetray 
1 1 wk. 15.75 8.23 17.30 8.13 73.9 
2 1 wk. 6 wk. 27.30 15.14 20.50 6.41 55.1 
3 1 wk. 15.55 6.61 23.30 7.00 74.1 83.0 
4 1 wk. 6 wk. 22.70 | 11.96 | 21.00 | 8.10 62.0 45.4 
5 6 wk, 24.15 11.56 23.00 8.49 60.1 
6 6 wk. 11 wk. 24.20 14.66 20.20 8.48 59.8 
7 6 wk. 26.05 11.58 23.64 7.85 57.6 69.0 
8 6 wk. 11 wk. 24.19 13.49 20.57 7.30 59.8 41.1 
9 11 wk. 25.00 13.49 20.50 8.26 58.0 
1 11 wk. 25.75 | 11.68 | 20.45 | 6.61 57.4 66.3 
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Fic. 2. Relearning curves of nonextinguished groups, 
drawn through means of groups 


In Comparing relearning scores among the 
varlous groups, we find the only significant 
differences are those correlated with the time 
variable. The means of groups 1 and 5 and of 
groups 1 and 9 are significantly different at the 
2 per cent level of confidence. Groups 3 and 11, 
both of which had maze training, are sig- 
nificantly different at the 1 per cent level of 
confidence. The standard deviations are not 
significantly different. 

In comparing bar pressings during relearn- 
ing, we find that the only significant difference 
along the time dimension is between grouPS 
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1 and 5, at the 5 per cent level of confidence. 
The variable of interpolated learning has 
produced only one significant difference, be- 
tween groups 1 and 3, at the 2 per cent level 
of confidence. The variable of extinction has 
produced no significant differences between 
means, There are no significant differences 
between standard deviations. 

The last column of Table 3 indicates, in per- 
centage terms, how often during the relearning 
trials the maze-trained rats made futile antici- 
patory maze-entry responses on trials not 
involving bar pressings. Such responses con- 
sisted generally of scratching and pawing at 
the gateway to the maze, but less frequently 
they included climbing, exploring, and the 


like, Data for such maze-entry responses 


among control groups were not recorded be- 


cause they rarely occurred. 
DISCUSSION 


In general, experiments show that the num- 
ber of trials required to relearn a task increases 
with increasing time intervals between learning 
and relearning. By the same token, it may be 
assumed, if one is to regard extinction scores 
as measures of habit strength, that decreasing 
numbers of extinction trials would be required 
to meet the criterion for extinction over the 


same intervals of time- Such relearning an 
ht to have the same 


if they are both 


measures of the same thing: retention of, or 
iginally learned prob- 


habit strength of, the origin I 
1 and 2 indicates 
in the first half of each 


Curve, but in comparin, 
Telearning curve l 
extinction curve continues its stea 
Exactly the same sort of re 
between the two curves 
groups which ha 
groups which di 
The only notable differen? m 
underwent interpolated training 
to extinguish the oF 
Tats which did not have 
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learned the problem in, 
Same time as groups which di 
extinction. If any transfer 
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curred, from extinction to relearning, evidently 
the positive and negative effects were of such 
strength as to cancel each other, with the 
result that the total results showed no effect 
at all. If one considers extinction to be a 
method of producing loss of retention or habit 
strength, then our animals which underwent 
active extinction should have showed a loss of 
retention greater than that produced by a 
control group in the same interval of time; 
there should have been some addition of the 
loss correlated with the interval of time and 
the loss produced by extinction. But such an 
additive process did not take place. 

Tf one considers extinction to be a new form 
of learning—learning to make other responses 
in a given situation without a necessary loss 
of retention of the original learning—the equal 
relearning scores of our extinction and control 
groups would tend to support the hypothesis 
of Finch and Culler (1) that in extinction the 
pattern of learned responses is still intact but 
is not being adequately “energized.” 

If one considers extinction to occur as a 
result of competition between response systems 


(2, 6), one would expect this competition of 
over to the relearning 


responses to carry e i 
effecting a decrement m relearning 


d with the relearning scores 
of a control group- In our experiment such a 
decrement has not occurred. 
Jf one considers extinction to be a process of 
puilding UP reactive inhibition and units of 
conditioned inhibition (4, 3), one would expect 
an additive result between the extinction 
process and the interval of time, producing a 
decrement in relearning scores as compared 
with releatning scores of a control group. Such 
a decrement does not occur 1n our experiment. 
ted before that our maze-trained 

consistently longer to meet the 
extinction criterion than did control groups. 
is phenomenon, which was 

te that the maze-trained 
d the bar more often during extinc- 
although here the 

sistent. The maze-trained rats 
ed more “aggressive” bar pressings 
«4 control rats. Although the differences 
of scores 0 proach statistical significance, 
q is rather strong and consistent and 


198 


is indicated by a variety of measures. If re- 
sistance to extinction is a measure of “habit 
strength,” why do animals which have been 
trained on a habit which is incompatible with 
the original habit show greater resistance to 
extinction of the original habit than do control 
animals? Learning of the maze habit involved 
turning away from the lever at the sound of 
the buzzer, in fact, facing exactly the opposite 
direction. It involved scratching, pawing, and 
jumping at the gateway to the maze, and all 
the responses to be made in the maze itself. 

This phenomenon cannot be readily ex- 
plained on the basis of a habit-family-hierarchy 
concept, according to which all members of a 
family of habits tend to be evoked if one 
member of the family is reinforced in a new 
situation, because this concept is based upon a 
fundamental precept that the habits are in- 
tegrated into a family by means of common 
fractional anticipatory goal responses. In our 

experiment there were few if any common 
fractional anticipatory goal responses uniting 
the two habits; in fact, they are utterly con- 
tradictory. The commonality of the processes 
resided in the stimulus complex (associated 
with a hunger drive)—there was no com- 
monality of responses. 

It has frequently been suggested that trans- 
fer of training from one learning situation to 
another may be a twofold process, one part of 
which occurs in connection with learning 
specific responses, the other part being a 
process of “adaptation” to the situation, de- 
velopment of techniques, etc.—in other words, 
there is a transfer of both specific and general 
factors from one learning situation to another. 
Such a hypothesis may be applicable to the 
phenomena under discussion here. General 
factors in the learning situation (e.g., stimulus 
complex) may promote positive transfer, at 
least to a greater extent than the reversal of 
the specific responses promotes negative trans- 
fer. This would account for the fact that our 
animals which had interpolated training re- 
quired longer to extinguish than did control 
animals. . 

Among the extinction groups, it may be 
assumed from the evidence in Table 2 that not 
only was resistance to extinction a function of 
habit strength in relation to the time-interval 
variable, but also that the extinction process 
itself furnished a secondary drive as evidenced 
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by frustration-aggression reactions, and that 
the strength or persistence of such reactions 
was directly related to the time-interval vari- 
able—the shorter the time between learning 
and extinction, the greater the frustration. The 
major difference between the interpolated task 
groups and control groups during extinction is 
probably attributable to the fact that the 
former had had more reinforcements in the 
general situation as a result of maze training, 
and with this additional training, their frustra- 
tion was greater, as shown by the aggressive 
bar pressings listed in Table 2. A greater 
number of reinforcements, along with more 
time spent in the general situation, led for the 
maze-groups to a build-up of the drive to 
persist in food-seeking behavior. Thus re- 
sistance to extinction may be as much a meas- 
ure of acquired drives as it is of habit strength. 


CONCLUSIONS 


The present experiment was designed to 
investigate the role of experimental extinction 
as a measure of retention or habit strength. 
The procedure was designed to compare ex- 
perimental-extinction measures with relearning 
scores after certain intervals of time, under 
normal conditions and under conditions de- 
signed to produce retroactive inhibition. 

The Ss of the experiment were 244 rats, 
divided into 12 groups of approximatelv 20 
each; these groups were equated at the end of 
the learning of the first problem, a Skinner-box 
type problem, on the basis of the number of 
trials required to reach the criterion, plus other 
variables. 

One-half of these rats learned a subsequent 
problem, a simple T maze. The entrance to the 
T maze was from the Skinner box, and the 
signal for entry was a buzzer, which had 
formerly served as a cue that the lever was 
entering the Skinner box. 

One-half the rats trained on both problems 
and one-half the rats trained only on the first 
Problem subsequently underwent extinction 
of the first problem at various specified inter- 
vals of time. Relearning of the original prob- 
lem took place at predetermined intervals © 
time. 

The results indicated that the extinctio? 
process had no measurable effect on the 1e 
learning scores, and that learning of the inter- 
polated problem tended to promote increase 
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resi age 
Sarma to extinction of the original problem. 
eae aed the interpolated problem tended 
Pike de m relearning of the original problem 
task oe ed completion of the interpolated 
iedeen thereafter neither facilitation nor 
lets a is discernible in relation to re- 
time E after interpolation. The variable of 
ct Sali correlated with greater changes of 
aera scores than were the variables of 
Racca | interpolation. These results are 
i e na terms of the interaction of 
Delile. negative transfer effects from one 
deives, another, and in terms of acquired 
ten experiment lends support to the hy- 
ery that in- extinction the pattern of 
ide responses 1s still intact but is not being 
quately “energized.” 

PE ahaa of this study seem to cast con- 
whic, e doubt on the validity of the concept 

h regards extinction scores aS measures of 
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retention or habit strength, as is often assumed 
in the literature. The extinction scores do not 
show the same relationship to the time intervals 
as are shown by the relearning scores (which 
are also usually regarded as an index of re- 
tention or habit strength). 
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THE PERFORMANCE OF WHITE RATS AS A FUNCTION OF DOMINANCE AND 
ACCUMULATING ACTIVITY 
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The present experiment was designed to 
study in the rat the relationship of the social 
dominant-submissive hierarchy to food-pellet 
accumulating activity. A 

In most experiments where animals are 
permitted to store food pellets, an alley leading 
from the living cage to the storage bin is used. 
The present experiment does not employ such 
an alleyway; rather, the animals were per- 
mitted to obtain the food pellets directly from 
E’s hand. Thus, to avoid confusion of termi- 
nology, the term “hoarding” is not used, and 
the storing or collecting of food pellets is 
referred to as “accumulating activity.” Never- 

theless, it is felt that accumulating activity 
may be compared with hoarding activity inso- 
far as the animals are storing food in excess of 
their immediate needs. 

Research on this problem is facilitated by 
the realistic simplicity of the rat’s social life 
and the absence of complex cultural transmis- 
sion. When rats are “housed” in pairs, a simple 
type of interaction results in which a hierarchi- 
cal system arises. The interaction is not en- 
tangled with ambiguous language responses, 
permitting observational techniques to approxi- 
mate great accuracy. Thus the effects of this 
simple interaction may be observed on subse- 
quent behavioral patterns. 

Munn (8) has stated that an animal is domi- 
nant “when it satisfies its needs before or at 
the expense of others, or when, in face-to-face 
situations, it induces submissive behavior in 
others” (8, p. 468). Bruce (1) studied domi- 
nance in water and food situations. The results 
of his experiment show that: (a) dominance 
occurs only when competition is induced by 
the experimental situation; (b) there is a con- 
sistent tendency for rats that are dominant in 
the water situation to be dominant in the food 
situation; and (c) dominance varies with the 
strength of the motivating stimulus (de- 
privation). 

The development of a dominant-submissive 
hierarchy was studied by Seward (10, 11, 12). 


He states that aggressive and submissive behav- 
ior is “produced by the activation within the organ- 
ism of two antagonistic disturbances or drives,— 
here referred to as—pugnacity and fear” (10, 
p. 191). Asa rule, social rank in the dominance 
hierarchy is established by fighting, bluffing, 
or passive submission at the initial encounter 
between the animals, or during an early series 
of such encounters. Social rank has been 
attributed to a “marked susceptibility to 
generalized fear conditioning” (11, p. 222). 

The interaction in establishing the hierarchy 
may influence the subsequent accumulating 
activity of the dominant and submissive rats, 
Although hoarding behavior has been explained 
in terms of the security hypothesis (6) and the 
deficit hypothesis (7), it becomes necessary to 
determine, when “security” (situational) and 
deprivational factors are held constant, what 
the effects of “inter-rat” relationships will be 
on accumulating activity. 

Morgan, Stellar, and Johnson (7) attempt 
to minimize the importance of “social factors” 
in storing food pellets. They state that “dep- 
tivation is much more important than any 
environmental influences or previous experi- 
ence” for the onset of hoarding in the rat and 
that “experience plays only a minor role” (7). 
Experimentation by Miller and Postman (5) 
failed to show any influence of experience 
(competition) on the hoarding scores of a 
group of rats. But recent preliminary experi- 
mentation on individual and group hoarding 
in white rats by Ross, Smith, and Denberg 
(9) showed that the more submissivemembers 
of a group will store less under group condi- 
Hons than under isolation conditions. Environ- 
mental influences of competition seem to lessen 
their hoarding scores. Dominant members 
hoarded about the same amount under either 
condition. 

The experiment was directed at the following 
questions: (a) Under conditions involving 2° 
food deprivation or food deprivation, wi 
dominant rats accumulate more {ood pellets 
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than submissi 
RE food eo — v Does the proportion 
Kh oarded depend 

er of hours of food et 8 k 


METHODS 


Subjects 


Thirty albi 

experiment, Ky rats (Wistar strain) were used in th 
red days old ee and 14 males, about ie nk 
hey had been ete beginning of the experiment. 
Niversity of To ed in the Connaught Laboratories, 
random matchi rog Animal pairs were formed t 
Pairs because hings. Little variation existed amon] the 

all animals, me and weight were nearly ihe x fi 
metal living se pair was housed in a Din by 12 in 
Plentiful diet ag. dh e animals were ae as 
a addition, they STe Fox Chow pellets and rite 
vegetables once were fed small pieces of fresh green 
Spective livi a week. The pairs remained in thei 
ng cages for a one-week et pal, 


ne ani 
imal of 
. e: j 
Uchsin stain, ach pair was marked with carbol- 


Diin Procedure 
nance- issi: 
Submissive Determination 


At th 
e end o 
tes testadi Tor Fhe pretest period, seven pairs of rats 
leprivation PAE E AEE ET in a water- 
{ood-deprivation pa and the other eight pairs, in & 
the water Bre seers After the former were teste 
situation, ‘hile t ion, they were tested in the food 
mtuation, Durin ne latter were tested in the water 
@suremen: g a 5-min. testing period, the followi 
aar nie taa pi , the following 
det € A 
number of Sst ih situation. (a) The ratio of the 
So water tube a ul attempts made by a rat to obtain 
gemt, ee ama cagemate, to its total number of 
y the use of a wi ssful plus unsuccessful attempts. 
is Water tube AR bafle” with a small opening t° 
e.) (b) The nu y Ks animal was able to drink at 2 
mber of seconds in each 5-min. in- 


erval duri 
thi uring whi : 
© water tike, hich an animal maintained control © 


ood si f 
Ce: situat: 
nA attem E (a) The ratio of the number of suc- 
pellet from the aay by one rat to obtain the fo 
sect Successful ag to the total number of attempts, 
s ands in each 5- | unsuccessful. (b) The number © 
it Pair a oaro FEE during which one anima! 
as a onin its nies ood pellet by having it between 
in e sele 2 
all four nite ta sa a one animal had to 
liyz te ca entioned above. 
or PA cage da were observed in their 
dep the water g ae contest for a single food pellet 
that Vation period. Th presented at the end of each 
at n en both ani he food pellet was presented 59 
€ same ti nimals “had their teeth in the pellet” 
ance ante? the pellet was released. 
dep ten at 7 rar tested without food deprivation 
the ration, The’ 1, 28, and 35 hr. of food and water 
anim ts were ees schedule was devised so that 
als were ae ie tested in the mornings. 
the hunger routine, they were allowed 
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to eat for 6 hr. before the next food-deprivati 

a |-deprivati i 
be started. Water was constantly available on poig 
fo -deprivation routine. During the water-depriva- 
tion routine, the animals were allowed water for 6 hr. 
belos the n water-deprivation period. Dry food 
pellets were @ ways available during the --depri 
pel ele water-depriva- 
cumulating Activity 


The cagemates were tested first for accumulating 
hours of food deprivation. An animal 
was called an “accumulator” if it transported at least 

« sterior of its cage. This definition 
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submissive rats were wont 


at all without food deprivation. 
Food pellets were offered by E to the animals. This 


mals to grasp the pellet. Thus, 
access to the pellets independently of the other, and 


nant 
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0 50.40 3.33 5.38 <.001 
7 57.40 3.53 9.16 <.001 
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42 63.53 2.20 9.89 <. 
there was 2° physical interference with the accuml 
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cage. After the firs! pellets W cae a etd 
offered continu! at the 2 A A oia 
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“ Ace at th oe ont d trans ting it to 
sor of the CAB ting aC 
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dominant ati ulated b paired submis- 
mean 0 b 
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sive cagemates. The ¢ values indicate that the 
dominant rat accumulates significantly more 
food pellets than the submissive one at all 
levels tested. (This statistic was employed 
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Fic. 1, Percentage of rats accumulating pellets 
under varying levels of food deprivation 
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Fic. 2. Proportion of pellets accumulated by domi- 
nant rats under varying levels of food deprivation 


because on using the standard error of the 
measure of skewness [2], it was observed that 
the frequency distribution did not depart 
significantly from the normal curve.) Con- 
ditions under which the accumulating tests 
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were carried out insured that all animals had an 
equal opportunity of obtaining the food pellets. 

It was also found that a significantly greater 
percentage of dominant rats begin to accumu- 
late without food deprivation. The curves in 
Figure 1 show that the difference in the 
percentage of dominant and submissive rats 
accumulating pellets disappears when food 
deprivation is introduced. 


Proportion of Food Pellets Accumulated As a 
Function of Deprivation 


Although there was no significant difference 
in the proportion of food pellets accumulated 
by the dominant and submissive rats at suc- 
cessive levels of food deprivation, the curve in 
Figure 2 suggests a general tendency for the 
proportion of pellets accumulated by the 
dominant animals to increase with increased 
food deprivation. Furthermore, it was found 
that there is a significant difference (p = .01) 
between the proportion of food pellets accumu- 
lated at 28, 35, and 42 hr. of food deprivation, 
respectively, and the proportion accumulated 
without deprivation (zero hours). 


DISCUSSION 


The importance of early adult experiences 
in the development of the adult accumulating 
habit may account for the difference in the 
number of food pellets stored by the dominant 
and submissive rats. 

Two animals randomly paired and placed in 
a living cage have set up a dominant-submis- 
sive hierarchy through a conditioning process 
(10, 11). Withdrawing behavior and refusal to 
fight have been conditioned by pain from 
previous bouts. The reinforcing process of the 
repeated presence and occasional fights with 
its cagemate maintained the dominant-sub- 
missive hierarchy. 

Hoarding, explained by Marx (3, 4) as the 
acquisition of independent habits through ex- 
perience, seems to shed some light on the ac- 
cumulating activity of the dominant and sub- 
missive rats. The animal comes from the back 
of the cage to obtain the pellet; it grasps the 
Pellet with its mouth and carries the pellet to 
the interior of the cage where it may feed, The 
pellet seizure is reinforced by a subseque! 


hunger reduction associated with feeding: 


Direct sensory and olfactory reinforcements 
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aa produced by the pellet-seizure response. 
us to acquire the hoarding habit, or in this 
case the accumulating habit, the animal must 
experience these events. 

‘ Tn this social situation which has been set up 
apes pairs, competition for the pellet of 
ood exists. Since dominant-submissive be- 
havior was determined by having rat pairs 
fight for a single food pellet, then the presenta- 
tion of food pellets to be stored may be expected 
to rearouse the emotional reactions associated 
with the initial food-pellet presentation. As- 
sociated with the initial pellet presentation is 
the vigorous and usually successful attempt 
made by the dominant rat to grasp the pellet 
from the jaws of the submissive rat. 

The progressive accumulation of inhibitory 
factors associated with (a) the social situation, 
ie., pain from fights with the ever-present 
dominant cagemate, and with (b) the presenta- 
tion of food pellets to be accumulated, i.e., the 
submissive rat is conditioned to kinesthetic 
stimulation produced by the pellet seizure by 
the dominant rat, and (c) a failure at times, to 
leave the back of the cage; prevented the sub- 
missive rat from strengthening oT at times 
acquiring the necessary experience leading to 
successful accumulating. A fear response was 


observed as part of submissive rats’ behavior 


toward the pellets, i.e, & “jerky” forward and 
backward movement toward the offered pellets, 
or a cowering in the rear of the cage- 

The dominant rat carried the food pellets to 
the interior of the cages it nibbled on the first 
few pellets it accumulated, but returned to 
obtain more pellets. While accumulating pellets 


from the front of the cage, 
would also usually 8125P th 
the submissive rat an! 


The successive rein! 


seizure response, of the minimizatio 
ening stimuli associated with the presentat 
and of the social situation, 


of the food pellets, 
served to strengthen 
in the dominant rats. 


the accumu 


p CONCLUSIONS 

The experiment igned to determine 
the effects of the dominant-submissive hier- 
archy on the accumulating 2° 

of randomly paired rats. The exp 


the following, conclusions: 


1. The dominant rats accumula 
ee than the submissive ones ae al i> 
ood depri 7 
a Bon rome tested, namely 0, 7, 14, 21, 28, 

2. There were no significant differences be- 
tween successive levels tested in the proportion 
of food pellets accumulated by the rats. 

3, There was a significant change between 
the proportion of food pellets accumulated 
without food deprivation (zero hours) on the 
one hand, and the proportion accumulated at 
28, 35, and 42 hr. of food deprivation, re- 


spectively, on the other. 
4. A larger percentage of dominant rats 
than submissive ones accumulate food pellets 


without food deprivation. 
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EFFECTS OF EARLY EXPERIENCE ON MATING BEHAVIOR IN MALE RATS! 


JERRY KAGAN anp FRANK A. BEACH 
Department of Psychology and Institute of Human Relations, Yale U; niversity 


It has been established that male rats 

reared in isolation from weaning to sexual 
maturity are capable of normal copulatory be- 
havior when placed with a receptive female (2). 
Although practice or learning is not necessary 
for biologically adequate coital responses there 
is evidence indicating that the sexual behavior 
of adult males of this species may be altered by 
the conditions under which the animals are 
reared. Rats that mature in individual cages 
are more likely to copulate than rats raised in 
the same cage with females or males (2). In an 
unpublished experiment F. A. Beach and P. 
Rasquin reared males in isolation from weaning 
to adulthood but exposed each animal to 
another rat of the same age for 10 min. a day 
at regular intervals. They found that males sub- 
jected to such treatment were much less likely 
to copulate in adulthood than control animals 
raised alone or in group cages. Experiments re- 
ported in the present paper represent attempts 
to verify earlier findings and to examine sys- 
tematically the factors involved in the inhibi- 
tion of normal sexuality as a result of certain 
types of prepuberal experience. 


EXPERIMENT I 
Method 


Forty-six male rats of the Sprague-Dawley strain 
were kept in individual cages from 30 to 160 days of 
age. Once each week every male was placed in a circular 
observation arena and allowed 10 min. for exploration 
of the testing environment. At the conclusion of this 
adaptation period a female rat the same age as the 
male was placed in the arena. Stimulus females were 
rendered sexually receptive by injections of estrogen 
and progesterone.? The test was terminated after 10 
min. unless the male had shown complete or incomplete 
copulatory responses, in which instance observations 
continued for 10 min. from the initiation of coital 
activity. 


Results 


At the conclusion of the tenth test the males 
were 100 days old, at least one month older 

1 This investigation was supported by a grant from 
the Rockefeller Foundation. 

* The hormone preparations used in this study were 


generously supplied by Dr. Edward Henderson of 
Schering Corporation, Bloomfield, N.J. 


-these rats showed no sexual behavior 


than the age at which adult copulatory be- 
havior usually appears. But at this stage in the 
experiment only 5 (10.9 per cent) of the group 
had shown any mounting activity, 4 (8.7 per 
cent) had achieved intromission, and only 2 
(4.3 per cent) had ejaculated. At 160 days 12 
(26.1 per cent) had shown mounting activity, 
9 (19.6 per cent) had achieved intromission, 
and 3 (6.5 per cent) had ejaculated. It was 
noted that the adult males frequently re- 
sponded to receptive females with the 
wrestling, chasing, and mock-fighting behavior 
typical of prepuberal rats. 

Because the sexual activity of the experi- 
mental males was so restricted, it seemed ad- 
visable to determine the frequency of copula- 
tory reactions in stock males of the strain 
employed. We administered five sex tests to 15, 
100-day old Sprague-Dawley males that had 
been reared in Sex-segregated groups from 21 
days of age. Of this number 46.7 per cent 
achieved intromission, and 33.3 per cent 
ejaculated. This is an appreciably higher score 
than that recorded for the experimental popu- 
lation, although it represents a much lower 
degree of sexual activity than can be found in 
some other strains. 

There was no reason to suspect that the sub- 
jects in Experiment I were physiologically 
abnormal. However, with some male rats that 
fail to copulate the behavioral defect can be 
remedied by supplying the animal with large 
amounts of exogenous hormone (1). For this 
reason some of the noncopulating rats in the 
Present experiment were injected with testos- 
terone propionate and tested again for sexual 
activity. The sexual behavior of castrated 
male rats is restored to preoperative levels by 
daily injections of 75 micrograms of this 
material (3), y 

Seven of the noncopulating males in Experi- 
ment I received five daily injections of 5 es 
micrograms and were tested with recepti f 
females 24 hr. after the final injection. F' eter 

d 
androgen treatment, 2 mounted the female r 
1 achieved intromission. There were 2° ©)” 
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tions. Ti sys 

ea males that had never 
FE 500 miter emale were given daily injections 
hours after he lash for 10 days. Twenty-four 
and ejaculated ast injection 1 male copulated 
sexually aan but the remaining 9 were 
given ecas of Ten control noncopulators 
behavioral erste inert sesame oil showed no 

he z ae 

to ‘yeas limited behavioral response 
that the Pal eae of androgen indicates 
tiferred to = a to copulate cannot be 
more probabl androgen deficiency. It appears 
reictions T that the infrequency of coital 
exerted b 5 ue to some inhibiting influence 
the Sak ur methods of rearing and testing 
sible age males. To analyze the pos- 
ea san ae ee the second 


Method EXPERIMENT II 


Fift, 

‘Uty-seven 

strain WEE eona Do rats of the Sprague-Dawley 
days of age until ained in individual cages from 3 
animals were divi completion of the experiment. The 
: S7 daya of nan into four groups, and beginning 
"y embers of ee and continuing for 9 weeks, the 
Conditioning ote Lg stv subjected to weekly 

onditioni .” as indicated in Table 1. 

Ucted in ress tests for males in Group A were con: 
for Expérinent 1 chk as the mating tests described 
ma arena with the Group B males were left in the test- 

xual behavior a masculine partners, and any homo 
he C simply s at occurred was recorded. Rats in 
ena, pent 10 min. each week alone in the 


Beginnin 
a AE PE Ner after the ninth conditioning test 
we ekly “critical teste” D were subjected to a series 0 
z ale was observ a te During the critical tests ea 
nd the Proce via with a female of proven receptivity, 
Xperiment I, ure followed was that describe! for 
by a Soon as 
A Sleculitine ite demonstrated its sexual capacity 
ae period at in the time limits of the observe” 
mals that AE not tested any further. Those 
is female) in fi e no sexual responses (i.€., mounting 
Hscarded, i ee critical tests were also 
Wen but had not at had copulated or attempted to 
vee Critical tests ejaculated in the course of the first 
cone’ females p given four weekly exposures to 
coa Sesponsé rom the week in which their first 
the «ction of occupa. This plan resulted in the 
elina žth and se ven critical tests, but by the time of 
to inated, bec venth test all but nine males had been 
isplay an: ause they had ejaculated or had failed 
y mating responses whatsoever 
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Nd three opulated with the receptive female 
Additional males displayed incom- 
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plete coital attempts. There wer $ 
tions. All four of these males mere mo 
critical test series. One animal in Grou 3 
mounted its masculine partner during the ae 
ditioning tests, and this rat failed to copulate 
with the female in the critical tests. 

Proportion of each group copulating and 
ejaculating. Figure 1 shows that there was no 
marked difference in the number of males in 
various groups that displayed the copulatory 


TABLE 1 


Weekly Conditioning Tests 


PROCEDURE IN CONDITIONING TESTS 


crour | N 


—— 


A 
B 


female of own age 


13 | Tested with receptive 
of same age an 


15 | Tested with a male 
weight 

14 | Placed alone in the testing 

osure to 


Cc 
D 15 | No tests or exp’ 


GROUP COPULATING DURING 


at CENT OF 
AT LEAST ONE CRITICAL TEST 


er CENT OF 


LATING 


COPULATORS EJACU 


C 
Al 
ik : eet anim sy conditioned 
jacula! has ith mi es; 
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be oa Grou ena alone; and Group D, males 
roup © 
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t once during 
respon ati and B, poth of ae fe 
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o ined few®! ejaculators t A Tai 
contal The figure reveals a © eal ct 
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eee: sof. showing incomplete 
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2 reactions gedir A 
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there was no trend or consistency in the 
comparisons. . 

To assess the statistical significance of inter- 
group differences in the number of ejaculators, 
the chi-square test, corrected for continuity, 
was applied. The values involved were the 
number of animals in each group that ejacu- 
lated at some point in the critical tests. Two 
differences were found significant at the .05 
probability level. Group A differed significantly 


TABLE 2 


Relative Copulatory Performance of Different Groups 
during the Critical Tests 


AVERAGE |NO. OF MALES 
NO. OF FAILING TO | ,)AVTEAGE 
QUENCY OF 
CRITICAL COPULATE IN COPULATORY 
| NUMBER | TESTS PRE- | ONE OR MORE RESPONSES 
GROUP | OF COPU- | CEDING THE | TESTS AFTER | Po TESTS IN 
LATORS | FIRST TEST | THE FIRST WEICE SOCH 
IN WHICH | OCCURRENCE EROE 
COPULATION | OF COITAL oonunnen*® 
OCCURRED® ACTIVITY** 
| 
A 7 | 1.14 5 5.78 
B 6 | Laz 4 6.51 
Cc a t O45 1 7.96 
D & | 075 1 10.06 


* Difference between scores of A + B and C + D not statis- 
tically significant. 


** Difference between scores of A + B and C + D significant 
at .01 level. 


TABLE 3 
Performance of Different Groups during the Test in 
which Ejaculation Occurred 


AVERAGE NO, 
OF TESTS FROM 
No. OF | FIRST COPULA- | AVERAGE |  SUOnAGE 
GROUP | EJACU- | TION test To | NO. OF Toran | T 
LATORS | TEST IN WHICH COMAL SPONSES 
EJACULATION RESPONSES ee ONSES 
FIRST OCCURRED Ee 
a | 9 3.50 15.00 1.69 
B 4 2:78 15.25 1.85 
cl 6 2.67 18.00 3.17 
D| 8 1.63 17.37 2.16 


from Group D; and when the combined fre- 
quencies from Groups A and B were contrasted 
with the combined scores of Groups C and D, 
the difference was also reliable. This method of 
combining scores seems permissible because 
Groups A and B had in common the factor of 
previous exposure to a stimulus animal whereas 
members of the other groups lacked this 
experience. 

Differences in copulatory behavior. Although 


there were no significant intergroup differences 


with respect to the number of animals showing 
some copulatory behavior, there were distinct 
variations in the timing and frequency of coital 
responses. Rats in Groups C and D initiated 
copulatory reactions fairly early in the critical 
test series. When a male in either of these 
groups had copulated without ejaculation in 
one critical test, it was likely to copulate in 
subsequent exposures to the receptive female. 
Neither of these statements applies to animals 
in Groups A and B. During tests in which coitus 
took place the frequency of copulations was 
higher for Groups C and D than for males in 
the other groups. These differences are sum- 
marized in Table 2. 

Differences in ejaculation behavior. As noted 
earlier, the experimental groups differed with 
respect to the proportion of males achieving 
ejaculation. When attention is confined en- 
tirely to those males proved capable of ejacu- 
lating, intergroup differences still exist. Ejacu- 
lators in Groups C and D reached the point of 
sexual climax sooner after that critical test in 
which they began to copulate than did the 
animals in Groups A and B. During tests in 
which ejaculation occurred the average total 
number of sexual responses was higher for 
Groups C and D than for A and B. Further- 
more, the average frequency of mating re- 
actions per minute of observation was higher 
for C and D than for the other groups. These 
intergroup differences are summarized in 
Table 3. 

The number of ejaculators was small, and 
this may partly account for the fact that none 
of the differences shown in Table 3 meets the 
test of statistical significance. Nevertheless, the 
trends in each instance are consistent and show 
that males in Groups A and B were sexually 
less active than members of the other two 
groups even when only the ejaculating animals 
are considered. 

Effects of androgen treatment. Twenty males 
that failed to ejaculate were given seven daily 
Injections containing 1,000 micrograms of 
testosterone propionate and tested with re- 
ceptive females 24 hr. after the final injection. 

ndrogen was administered to 8 males that 
had copulated but had not ejaculated and to 1 
that had shown only incomplete copulatory 
responses. Three rats in this group achieve 11 
ejaculation in the postinjection test- ` 
males that had never attempted copulation, 


a 
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ejaculated after androgen administration. 
There was no indication that differential treat- 
ment during the conditioning period had any 
influence upon responsiveness to the hormone 
injections. 


DISCUSSION 


The performance of males in Experiment I 
and Group A in Experiment II suggests that 
certain behavioral tendencies or habits estab- 
lished before puberty are capable of interfering 
with execution of the complete masculine 
sexual response in adulthood. Under the con- 
ditions imposed in these experiments periodic 
exposure of immature male rats to estrous 
females of their own age greatly reduced the 
probability that such males, at maturity, 
would display the ejaculatory reflex when 
tested with receptive females. The tendency to 
copulate and to effect intromission was not 
lost, but the frequency of coital contacts in a 
time-limited test was definitely reduced. It 
appeared that this was due in large measure to 
the persistence of competing play responses 
characteristic of the immature male. Adult 
animals frequently reacted to the receptive 
female by wrestling, pawing, and climbing 
over her, and in general displaying the playful 
responses which typify social interaction 
between prepubescent animals. 


The inhibiting effect of these competing 


behavior tendencies was evident even during 
those tests in which copulatory responses 0C- 
curred, The normal male rat usually mounts 


and penetrates the estrous female several times 
in rapid succession. Behavior intervening be- 


tween copulation 
genital cleaning @ 
Ejaculation usually oct 
a series of closely spaced copulatory contacts. 
The copulatory responses of the experimental 
animals to which we have been referring were 
widely spaced in time- ‘After one or two = 
tromissions mos d to the play 


t males shifte 
pattern and resume 


d copulating oP 
siderable delay. Consea” 
than the usual opportunity for 
increase in sexual excitement W 
culminates in ejaculation. 
Results obtained wi 
Experiment show 
can be depressed by t 
prepuberal exposure tO mas 


lt sexual activity 
riate sort of 
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feminine partners. In this instance again a 
specific set of response tendencies appears to 
become strongly associated with the testing 
experience—that is, with brief, weekly periods 
of contact with another rat in a constant and 
unique environmental setting. At the time 
that these habits are formed the prepotent 
acts in the immature animal’s behavioral 
repertoire are the playful responses mentioned 
above. When males in Group B reached 
adulthood, they were confronted with re- 
ceptive females under the same conditions and 
in the same setting that previously had been 
associated with playful interaction with a 
masculine stimulus animal. Competing tenden- 
and copulation were aroused. 


cies toward play 

The results were qualitatively comparable to 
those described for rats in Group A, but there 
were several quantitative differences between 


the two groups. 
In Group B, as contrasted with Group A,a 
higher percentage of copulating males eventu- 
ally achieved an ejaculation (Fig- 1). During 
tests in which copulation occurred, the average 
number of such responses was slightly higher 
in Group B than in Group A (Table 2). Of 
those males that eventually effected ejacula- 
animals did so earlier in the 


tion, Group B i 
critical test series, and in the test with ejacula- 
tion Group B males showed a slightly larger 
number of coital responses and a greater fre- 
quency (Table 3). Most of these 


ll, and none approaches 


differences aTe small, 
ignificance. They deserve mention 


statistical signi eser 
because they indicate the possibility that the 


expected inasmuch as the stimulu u r 
A was identical with 


critical tests for Group cal w 
that prevailing during prepuberal conditioning, 
whereas Group B animals were conditioned to 
other males and received estrous females in the 
critical tests. 


There was little reason to anticipate that the 


behavior of rats in Groups C and D would 
differ significantly in the critical tests. There 
was the remote possibility that Group D males 
would be temporarily distracted by the novelty 
cof the testing arena and might therefore fail to 


respond promptly to the receptive female. The 
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data show that Group D animals began mount- 
ing behavior about 2 min. after being placed 
with the receptive female, while Groups A, B, 
and C each had an initial latency of approxi- 
mately 1 min. This suggests that the novelty 
of the situation did have an inhibiting effect on 
the completely isolated animals. However, the 
percentage of copulators achieving ejaculation 
was higher in Group D than in Group C (Fig. 1). 
During tests in which copulation occurred the 
average frequency was higher for Group D 
(Table 2). Group D rats tended to reach the 
point of ejaculation somewhat earlier in the 
critical test series than did members of Group C 
(Table 3). Various limitations of the data 
render any interpretations of these small 
differences so speculative as to be worthless. 
The most significant and important compari- 
sons in Experiment II are those between 
Groups A and D and between the combined 
averages of A and B compared with C and D. 


SUMMARY 


In two experiments a total of 103 male rats 
were reared in individual cages from infancy to 
adulthood and at weekly intervals 57 of these 
animals were placed for 10 min. with a sexually 
receptive female of their own age. Fifteen rats 
were exposed to other males instead of females 
in the weekly tests and members of two control 


groups were not exposed to any other rats until 


adulthood was reached. 


Beginning when they were 99 days old all 
males were observed in a series of mating tests 


with receptive females. There was no signifi- 
cant difference between groups as far as the 
occurrence of copulation was concerned, but 
the ejaculatory reaction was infrequent in 
males that had been periodically exposed to 
either females or males during the prepuberal 
phase of life. 

The sexual inferiority of rats in the experi- 
mental groups was due in all probability to 
conflicting behavior tendencies resulting from 
habits formed during the prepuberal tests. The 
evidence points to the conclusion that in tests 
conducted before puberty the experimental 
males formed habits of playful wrestling, paw- 
ing, and climbing over a second animal. These 
weekly 10-min. tests constituted the only 
opportunity for formation of response tenden- 
cies toward a second rat. As a result, the habit 
of reacting playfully toward another animal 
was so strongly ingrained that it persisted in 
adulthood and interfered with a competing 
tendency to copulate when the partner was a 
receptive female. 
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remained. When recovery was complete, caaea ana 
experimental females were brought into keat y i 7 
injection of .033 mg. of estradiol benzoate fo ay 7 

hours later by .50 mg. of progesterone.’ mae ours 
after the second injection, tests for sexual behavior 
were initiated. Before formal observations were begun, 
a series of selection tests was conducted to make certain 
that all males were potent and all females were napore 
sive to the hormone treatment to the extent of disp! ay- 
ing prompt signs of receptivity. For females the criterion 
was the assumption of the lordosis position during at 
least two of the male’s first six mounting responses, 
Males were required to ejaculate when tested with a 
normal, receptive feminine partner. After the first test 
in which it ejaculated, a male was entered in the experi- 
ment proper. Animals that did not ejaculate by the 
fourth preliminary test were eliminated. , 

Experimental and control females were tested with 
males once a week. Males were tested at three- or four- 
day intervals, being exposed to an experimental female 
on the first formal test and to a control female on the 
second. If a male ejaculated on the second test, it was 
subsequently paired with experimental and control 
partners alternately in subsequent tests, Males that 
failed to ejaculate with the control female on the second 
test were given a control animal on the third test, and 
continued to be paired with control females until 
ejaculation did occur or until four tests without ejacu- 
lation had been recorded. In the latter instance the 
male was discarded. All the females were tested at least 
four times, Every male was tested with at least three 
experimental and three control females, and five of the 
males were tested as many as five times with each type 
of stimulus animal, 

Mating tests were always conducted during the dark 
phase of the rats’ 24-hr, light-dark cycle, They took 
place in a circular arena 30 in. in diameter. If no copula- 
tory attempts occurred during 10 min. after the male 
and female were put in the arena, the test was termi- 
nated and scored as negative. If copulation was at- 
tempted, the test lasted until ejaculation, or, if the male 
did not ejaculate, for 15 min. from the time of the first 
copulatory attempt. 

Behavioral items scored for the females were as 
follows: assumption of lordosis, hopping, ear-wiggling, 
running away from the male and then stopping until he 
approached, approaching the male and nosing his body 
or assuming a position directly in front of him, turning 
toward the male while being pursued by him. The four 
types of response recorded for the males were incom- 
plete copulations in which intromission did not occur, 
copulation with intromission, copulation with ejacula- 
tion, and discrete periods in which the male licked the 
female’s genital region. 


RESULTS 


The readiness with which a female displays 
lordosis is revealed in the Copulatory Quotient, 
which is calculated by dividing the number of 
lordosis responses by the number of times the 
female was mounted by the male, and mul- 


*The hormone preparations were generously sup- 
plied by Dr. Edward Henderson, Schering Corporation, 
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tiplying by 100 (2). For control females the 
mean CQ inall tests which included mounting 
by the male was 98.8. The same measure for 
experimental females was 102.1. The average 
frequency of approach responses per minute 
of observation was 0.58 for control and 0.50 
for experimental females. Ear-wiggling reac- 
tions occurred on the average 1.75 times per 
minute of observation in the case of control 
animals and 1.73 times in the records of experi- 
mental females. Hopping, running, and turn- 
ing scores for the control and experimental 
females were also very similar. To evaluate 
the significance of the small differences be- 
tween the two groups, the / test for differences 
between independent means was employed 
using two tails of the normal distribution. 
None of the differences, nor the direction of 
the differences, proved to be statistically 
significant. When all the “provocative re- 
sponses” (i.e., all receptive reactions with the 
exception of lordosis) were combined, the 
differences between control and experimental 
groups were found not to be significant. 

In comparing the reactions of males to 
experimental and control females, it was- 
necessary to combine scores for incomplete 
and complete copulations, for insertion was 
impossible when a male was paired with an 
experimental female. Ejaculation occurred in 
50 to 100 per cent of the tests with control 
females and never took place when the stimulus 
animal was an experimental female. Despite 
the absence of ejaculation, males continued o 
attempt copulation with the =, 
females. The average number per minute o 
copulations plus attempted copulations was 
1.81 with control partners and 1.90 with ex- 
perimental females, The difference was not 
Statistically significant, 4 

emonstration of the fact that female . 
male rats execute copulatory responses ue 
conditions in which intromission is impossib . 
emphasizes the probable importance of pon 
genital stimulation for the arousal and men 
tenance of sexual excitement. It seems likey 
that provocative activities of the estron 
female and the attentive responses of the m 
Provide the basis for continued sexual i” he 
action in the absence of intromission- rela- 
behavior of a pair reveals a reciprocal ner 
tionship in which some act hy one pat T 
evokes a complementary response on the P 
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of the other, and maintenance of a high level 
of excitement depends upon mutual interac- 
tion involving various forms of stimulation. 
To measure this type of relationship, the 
number of provocative responses by the female 
and the attentive responses by the male 
(mounting the female or licking her genitalia) 
were compared in two ways. First, the male’s 
behavior was considered the independent 
variable and the female’s reactions the de- 


pendent one. The number of provocative 


responses shown by different females toward 
lated with that male’s 


the same male were corre 
attentive reactions. Such correlations should 
le’s behavior 


reveal any effect of a given ma 
upon the behavior of different feminine 


partners. If the Pearsonian coefficients were 
randomly distributed, their mean would be 
zero. Therefore, a t test was applied to the 
mean correlation of all of the males, using 
individual correlation coefficients as scores. 
The scores of all females, control and experi- 
mental, were combined, and the mean cor- 
relation obtained in this manner proved to be 
significant at the 4 per cent level of confidence. 
This suggests that an attentive male is likely 
to evoke more provocative responses from an 
estrous female than is a less attentive partner. 

Next, the female’s behavior (i.e. total 
provocative responses) Was taken as the in- 
dependent variable, and the attentive reactions 
of different males to each female were used as 
the dependent variable. The mean correlation 


obtained was significant at the 1 per cent level 
of confidence, indicating that females with 
high provocative scores tend to elicit more 
attentive reactions than do those that make 
masculine partners. 


fewer advances to their 
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eaaa ta 

oved, and members of 
both groups were brought into heat by hor- 
mone injections. The sexual behavior of these 
animals was measured in a series of mating 
tests with normal males. The amount and 
kinds of sexual activity did not differ for the 
two groups, indicating that sensations derived 
from vaginal stimulation are not essential to 
the display of receptive behavior. Males 
attempted to mate with females from both 
groups with equal frequency- However, when 
tested with females lacking a vagina, males 
did not display the ejaculatory reflex. It is 
apparent that genital sensations are not neces- 
sary for heat behavior in the female and that 
absence of stimulation derived from insertion 
does not deter the male from attempting to 
However, stimulation of the penis 
ina is exceedingly important if the 
f ejaculation is to occur. 


copulate. 
by the vag 
final response o! 


REFERENCES 


r of the rat after removal of the 


. BALL, . Sex behavio! 
Bie comp. Psychol., 1934, 18, 


uterus and vagina. J. 

419-422. 

cu, F. A. Effects of injury to the cerebral cortex 

ive behavior in the female rat. 

ed., 1944, 6, 40-55. 

. A. induction of mating re- 

a, Balt T i genital absence of gonadal 

nal. Rec., 1945, 92, 289-292. 

4. BEACH, f physiological and psycho- 
logical studies of sexual behavior in mammals. 

Physiol. Rev. 1947, 27, 240-307. 

5. Beacs, F. A. Hormones and behavior. New York: 
Hoeber, 1948. 

6. Brac, F. A., & Horz, A. M. Mating behavior in 
male rats castrate i and injected 
with androgen. 

7. KOSTER, R. Hormone 

female rat. Endocrinology, 1943, 


Received July 23, 1952. 


m 


33, 337-348. 


IMMEDIATE 
THE EFFECTS OF AUDITORY STIMULATION UPON THE |- 
RETENTION OF A PREVIOUSLY LEARNED MAZE BEHAVIOR IN THE 
ALBINO RAT 


W. A. SHAW, A. J. UTECHT, awp E. A. FULLAGER 


University of Pennsylvania 


Exposure to auditory stimulation that is 
intense enough to produce some instances of 
seizure in the white rat appears to affect the 
reperformance of a previously learned maze 
pattern. Of interest in this problem is the 
question whether such stimulation (a) affects 
retention of the learned pattern, or (b) pro- 
duces other effects, e.g., convulsions, which 
in turn affect retention. 

Griffiths (2) investigated this problem using 
both a closed and an open maze and concluded 
that with the exception of the closed maze “. . . 
auditory stimulation, of convulsive or non- 
convulsive rats, instead of inhibiting repetition 
of the maze habit, has actually facilitated 
it” (2, p. 281). Griffiths also observed that his 
convulsive rats, when run on the closed maze, 
exhibited a certain amount of immobility, 
passivity, and shelter seeking. This behavior 
increased the running time of these rats on 
the criterion trials. 

Maier and Wapner (3) also exposed a group 
of rats to a loud noise after they had learned 
to run a closed maze. As in the Griffiths 
experiment, the rats which had convulsions 
took significantly longer to run the criterion 
trials. In addition they made more errors. 

A tentative conclusion to be drawn from 
these experiments is that retention of the 
pattern of a closed maze is affected by con- 
vulsions produced by auditory stimulation. 

However, such a conclusion is inconsistent 
with what the convulsive rats did on the open 
maze. In order to clarify the matter, let us 
assume that the convulsive rats ran the open 
maze faster in order to gain the shelter of the 
closed food box. Such an assumption allows 
us to suggest that the performance of the con- 
vulsive rats on the closed maze was brought 
about by the presence of an intervening vari- 
able, namely fear, and that retention of the 
learned pattern was not measured by that 
performance. 


The purpose of the present experiment is 


to test this assumption by introducing certain 
modifications into the open maze which would 
allow the convulsive rats to exhibit the fear 
response clearly, and at the same time would 
make it possible to test for retention of a 
previously learned habit. 


METHOD 
Apparatus 


The apparatus used for this experiment was a modifi- 
cation of the Tolman, Ritchie, and Kalish (6) place- 
response maze. Since the Es desired to work with a 
maze which involved a simple discrimination problem, 
the essential features of the maze were left intact. 
However, certain changes were made. “Shelter” tunnels 
were added and the food boxes left uncovered (see 
Fig. 1). The rationale behind these changes was based 
upon the following presumption: If, when motivated by 
hunger, auditory stimulation facilitates the performance 
on the maze, both the convulsive and the nonconvulsive 
animals should readily go through the tunnel to the food 
box. On the other hand, positioning the tunnels beyond 
the choice point allows for an unequivocal test ORS 
tention for the convulsive rats and at the same time 
makes it possible to demonstrate the presence of fear. 


Subjects 


The Ss were selected from a colony of about 125 rats. 
Sixteen rats were placed in the control group. The 
experimental groups of convulsive and nonconvulsive 
Tats were built up to 9 and 12, respectively. It is some- 
times difficult to get enough convulsive rats. Sisk (4) 
found only 3 out of 17; Maier and Wapner (3) found 10 
gut of 26; and Stainbrook and Loewenbach (5) found 
3 out of 18. In the present study 5 out of the first 10 
rats receiving auditory stimulation had convulsions. 
The remaining 4 convulsive rats were obtained only 
after training 14 additional rats. i 

All these rats were albino males averaging appro 
mately 100 gm. in weight at the start of the experiment. 


Procedure 


In the beginning the rats were fed daily in ma 
home cages until it was relatively certain that adar ie 
on to the environment had occurred. During dled 
Period, approximately two weeks, the rats were ace 
frequently, Following this, the animals were intro t 
to the maze by placing them on the open feeding * then 
and allowing them to discover food. They were the 
removed from the stand and placed just before 
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en í 
T the “shelter” tunnel. From there the rats 
& i ig the tunnel and pass the black carna 
aie ta “a eeding stand. This procedure was re- 
Kier ‘this = so feeding platform of the maze. 
rived af Pia uetory period, the animals were de- 
art helil car a a 24 hr. Experimental days 
end kolia. y other day with the exception of Sundays 
During the i 
Tig. a tg Paene, feeding platform F+ (see 
a erleri cked by B. The rats were confronted with 
starting ee a i.e., when the rat was placed at 
aest o 1), it had to make a right turn at the 
Raa oie >) to make the correct response to get 
ities ps orm (F;). When placed at S2, the animal 
Etios alge ia turn at C to get to Fi. Food was 
esperiment, eeding platforms throughout the entire 
he animals were gi i 
dé a wer given 6 trials every experi 
ed bn the criterion of 9 out of 10 ibe pepe 
fr ea oi as reached. Each successful endeavor to get 
ae tituted a trial. After the end of each trial, the 
Rah, pa a brought back to the starting point until six 
mainte als were made for that day. Series of starting 
Anas a. of the pattern Si, Sz, S» Si, Si, S2 
PRS A T Sa, Sa Ste Where the former pee ria 
Oen e day, the latter series was given on the next 
ee day. After each entrance upon F, the 
annals ve allowed to eat food for 15 sec. While the 
Roe y ae on the feeding stand, they were fed small 
TET og biscuits saturated with milk. At the end 
Kome ie ; trial, the animals were returned to their 
their ea where they were given the remainder of 
Snia ns, which consisted of dry dog biscuits and 
gan, ta point both experimental and control 
Da ar 4 i entically treated. When the criterion 0! 
Guede consecutive errorless trials was met, each 
tan ana animal was taken individually to another 
Rie it was subjected to 5 min. of auditory 
animal’ on consisting of jingling 15 keys over the 
ptd $ cage. The S was then given a 20-min. rest 
Tom aS nee which it was returned to the experimental 
trol Sie given 3 additional, or retest, trials. The con- 
nae, SE was similarly treated except that it received 
this + s itory stimulation. Each control S was kept in 
aed for 25 min. Following 25 min. of rest, it was 
S ed to the maze for an additional 3 trials. 
ES the three retest trials, the animals were 
Etana K to eat food for 15 sec. when upon the feeding 
A Before each retest trial, they were given a 2-min. 
‘st period. Time and error scores were recorded for all 


trials, 

ee ethod of recording time and error scores. Time was 
ë = from the moment the animal was placed upon 
és Starting point until it reached the feeding stand and 
gan to eat. 


zR following were recorded as errors: 

y at the beginning some animals would not leave 

mals order to expedite the learning process, the ani- 
als were forced out by tapping the top of the tunnel 


With : 

recorde pencil. When such action was requ 
appe: A aei erar. This, behavior 1 th 
oe as the animal became more familiar with the 


* 


2. Any response toward *s si 
constituted a second form of ogo ead oe ee 
considered as a neutral area. ; ae ae 
3. Depending upon which side of th 
sidered the starting point for that il pre beh Ser 
directed to the opposite end constituted a third fo: aE 
error. Retracing within the confines of the ES ne 
alley and the center point of the maze was not classifi d 
as an error. Before retracing was classified as an e: S 
the animals had to have four feet in the C area. Er 
4. Climbing on top of the tunnel, whether aS on 
the Fs or Fı side of the maze, comprised the fourth 


possible error on this maze. 


Fre, 1. Diagram of maze used in present experiment. 
Elevated maze: Sy & Sa: Starting points; Fi & Fx: Open 
feeding platforms; C: Center point; B: Block-off piece, 
7-14 in. wide; D, & Dz: Black curtains; Ti & Ts: Shel- 


ter tunnels, 3-14 in. high. 


TABLE 1 
Reach Criterion and Time and 


mary of Trials to 
the Three Retest Trials 


A Sum 
Error Scores on 


MEASURE 
16 


Mean trials to learn 
Mean time to run retest trial 
36.3 


sec.) 4 
Mean errors retest trials 


RESULTS AND pIscUSSION 


Quantitative Results 


ch the criterion. The 
the control group 
ut the significance 
d .20, Any 
and error 
be attributed to difference 
to learn the maze. 
the retest trials 
d the non- 


differences 1 
retest trials ca 
in the ability of the groups 

The average ime to run 
shows that the control group an 
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convulsive group do not differ appreciably. 
The significance of the difference between the 
convulsive group and the control group is 
less than .01. This result confirms the findings 
of others (5, 4, 3, 1). i 
The results on the particular maze used in 
this study support the contention of Maier 
and Wapner that the increased time taken by 
the convulsive group is due to the “. . .super- 
position of fear on the learned pattern rather 
than the loss of a learned pattern” (3, p. 34). 
This contention is further strengthened by 
the fact that none of the differences in error 
scores between the groups is significant. The 
greater incidence of errors found by Maier 
and Wapner can be accounted for by the fact 
that they used a closed maze. Our results lead 
us to believe that neither exposure to auditory 
stimulation nor convulsions affects retention. 
Furthermore, a test of the effect of auditory 
stimulation upon retention of a maze pattern 
cannot be made with a closed maze when the 


stimulus is intense enough to produce some 
convulsions. 


Qualitative Results 


Preceding auditory stimulation, all animals 
of the control and the experimental groups 
had no difficulty in learning the maze. The 
animals readily ran through the tunnel and 
ate their food on the feeding stand. 

The performance of the rats following audi- 
tory stimulation showed marked differences 
between those animals which had had a con- 
vulsion and those that had not. When placed 
at the starting point, the nonconvulsive 
animals proceeded directly toward food as 
they had previous to auditory stimulation, 
They were in no way inhibited by the tunnel. 
On the other hand, seven of the convulsive 
animals, when placed at the starting point, 
ran toward the tunnel and remained there. 
After being in the tunnel for 10 min., the 
animals were removed, given a 2-min, rest 
period, and then brought back for an additional 
trial. For each of the three retest trials, their 
behavior was the same, and at no time did 
they venture upon the feeding platform to eat, 
The two remaining animals of the seizure 
group sought shelter before they sought food. 
Both remained in the tunnel for 10 min. on 
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their first retest trial. One of them remained 
in the tunnel for another 10 min. on its second 
retest trial. When given the third retest trial, 
this animal, after spending some time in the 
tunnel, walked to the feeding platform and 
ate. The other animal on its second and third 
retest trials did not stop in the tunnel but 
proceeded to go through and eat upon the 
open feeding stand. 

As a final argument it can be pointed out 
that at the choice point the tunnel on either 
arm was the same distance away. Yet the 
convulsive animal turned without hesitation 
toward that shelter which was located on the 
correct pathway to the food. 

We would not agree entirely with Griffiths 
that the animal which is “excited emotionally” 
by auditory stimulation takes advantage of 
any shelter in the field. Only the convulsive 
tats seek such shelter. Neither do our results 
indicate that auditory stimulation facilitates 
maze behavior. The evidence of our results 
Supports the view that the accelerated speed 
on the open maze in the rats of Griffiths’ 
study was due to a desire to obtain shelter 
which was supplied by the enclosed food box. 


CONCLUSIONS 


The findings presented in this study indicate 
the following conclusions: 

1. Auditory stimulation which does not 
produce seizures, affects neither time nor 
error scores. 

_ 2. Neither auditory stimulation nor convul- 
sions destroys the memory traces of the maze 
as indicated by number of errors made during 
last three retest trials of the experimental 
group. 

3. Marked differences in time scores are 
observed between convulsive animals and both 
nonconvulsive and control animals. The con- 
vulsive group takes a significantly longer time 
to complete the maze than either the non- 
convulsive or control group. This behavior, 
the authors believe, is the result of fear, which 


ail the animal to seek shelter instead of 
ood. 
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ANOXIC AND CONVULSIVE AMNESIA IN RATS 


KEITH J. HAYES 
Yerkes Laboratories of Primate Biology 


It is generally presumed that the amnesia 
produced by electroconvulsive shock (ECS) 
in human patients and experimental animals 
is the result of brain damage or dysfunction 
caused by the convulsion. The purpose of the 
present experiment was to determine whether 
similar behavioral effects could be produced 
by anoxia—a type of treatment which is 
known to be capable of causing damage or 
dysfunction of the- kind presumably involved 
in ECS. 

Some similarity in the mechanisms of these 
two types of treatment is Suggested by the 
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TRIALS 
Fic. 1. Learning curves 


fact that young animals are more resistant 
than older ones to the effects of both anoxia 
(2, pp. 175, 190) and ECS (1, p. 51). 


METHOD 


The general method was essentially that employed 
in an earlier study (1). After preliminary runway 
training, 24 male albino rats (130 to 190 gm.) were 
given one trial per day for ten days, in a three~choice. 
point alley T maze, with trap doors just before each 
choice point. They were motivated by 23 hr. of food 
deprivation, and the goal box contained moist food. 
Eight of the rats were assigned to the ECS group, 7 
to the anoxia group, and 9 served as normal controls. 

ECS and anoxia treatments were given concurrently 
with the maze training—a treatment 1 hr. after each 
day’s trial, so that any resultant amnesia might affect 
what had been learned on that day. z 


Grand mal convulsions were produced by approxi- 
mately 50 Ma. of 60-cycle current, applied through ear- 
clip electrodes, for 14 sec. Anoxia was produced by 
manual compression of the rat’s chest, which was con- 
tinued until the rat became limp and motionless— 
usually about 1 min. 


Two days after the last treatment, the rats were 


killed and the brains Prepared for histological exami- 
nation. 


RESULTS 


The immediate effects of the two types of 
treatment were very similar. In both cases, 
as consciousness appeared to return, there 
was a period of catalepsy lasting several 
minutes, and accompanied by exaggerated 
startle reflexes, During the next half hour the 
rats were relatively inactive, with the startle 
reflex slowly returning to normal. 

Figure 1 shows the average learning curves 
for the three groups. These curves are much 
like those found Previously for ECS with rats 
of this size (1, p. 52). 

On the basis of previous work (1) trials 6 
through 10 were chosen for statistical analysis. 
The mean errors per rat during this period 
(with standard errors of the means) were: 
control, .67 + .24; anoxia, 4.0 +: 1.0; ECS, 
4.6 + .82. The two experimental-group scores 
are insignificantly different from each other, 
but they both differ from the control-group 
Score at better than the .01 level of significance. 

Histological examination revealed no clear 
evidence of brain damage in any of the groups. 
This result must be considered inconclusive 
rather than negative, for it is possible that 
Slight damage in the experimental groups may 
have been masked by the very great intra- 
8toup variability, Statistical treatment of cell 
Counts was not attempted. 


DISCUSSION 


Since anoxia appears to produce much the 
Same behavioral effect as ECS, it may deserve 
Consideration as an alternate procedure in 
both experimental and therapeutic applica- 
Hons. It has at least two potential advantages: 


216 


l 


ANOXIC AND CONVULSIVE AMNESIA IN RATS 217 


(a) Unlike electrically induced convulsions, REFERENCES 

anoxia can be produced under anesthesia, 1. Haves, K. J. Cognitive and emotional effects of 

eliminating the unpleasantness of the treat- peg re eT rats. J. comp. physiol. 
i : 2 y Sty e 

ment. @) Lidia the grand mal sive n Hor, E. C., Greneut, R. G, & Foxton, J. F. 

i an all-or-none affair, the intensity of the Histopathology of the central nervous system 

individual anoxia treatment can be varied after exposure to high altitudes, hypoglycemia, 

over a wide range—presumably with an ac- and other conditions associated . with central 
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PROPRIOCEPTIVE INFLOW AND SUSCEPTIBILITY TO EXPERIMENTALLY 
INDUCED SEIZURES! 


WILLIAM BEVAN anp ERNEST L. HUNT 
Departments of Psychology and Biology, Emory University 


“Sound-induced” seizures are still a scientific 
enigma. Despite the label, their etiology, and 
the contribution of auditory stimulation to it, 
are almost exclusively matters of speculation. 
Several facts, however, stand out rather 
clearly: (a) Most investigators agree upon the 
presence of sound as a condition requisite to 
seizure induction; (b) the epileptoid phase is, 
if it occurs, invariably preceded by a period of 
intense bodily activity; (c) not all animals 
can be made to display the seizure pattern; 
(d) seizure sensitivity can be altered by dietary 
regulation, the administration of drugs, and, 
quite probably, by vagotomy and surgical 
insult to the frontal lobes (2). From these 
conclusions may be drawn the inference that 
the “audiogenic” attack represents an in- 
ability of certain animal subjects, i.e., those 
with defective “governor mechanisms,” to 
compensate for a marked, and perhaps sudden, 
increase in level of sensory inflow. This critical 
increase may be provided solely by auditory 
input, or it may result from certain intraor- 
ganismic changes provoked by auditory excita- 
tion: positive feedback from the viscera and/or 
the proprioceptive end organs. It may also, 
of course, be effected by a combination of 
excitation from each of these several sources. 

There are no data which yield the confident 
deduction that seizures are exclusively deter- 
mined by auditory input. There is, in contrast, 
considerable evidence to indicate that auditory 
input may serve a detonator function, setting 
off other activity that in turn contributes 
significantly to the occurrence of the convulsive 
response. The importance of visceral processes 
is indicated by the enhancement of seizure 
susceptibility with “emotional upset” (10) 
and its decrease subsequent to vagotomy (8) 
and frontal ablation (15). The importance of 
vestibular activity is suggested by the violent 
running and circling movements which pre- 


1 Supported by a grant from the Carnegie Foundation 
administered through the University Center in Georgia. 


cede the tonic-clonic episode, the depression 
of the righting reflex in the postconvulsive 
period, and the increase in seizures which 
follows rotation (5). Finally, the importance 
of proprioceptive excitation from the vol- 
untary musculature may be inferred from the 
inevitable presence of the running phase in 
the seizure pattern, the decrease in latency of 
the first running attack with increase in the 
area of free movement (12), and the reduction 
in susceptibility achieved through binding S 
(11) or forcing it to exercise during exposure 
to test conditions (9). 

The present experiment was an attempt to 
obtain more direct evidence of the contribution 
of the last-mentioned processes (kinesthetic) 
to the induction of the convulsive reaction 
through a comparison of seizure sensitivity 
in unoperated animals and that in animals 
subjected to sectioning of the dorsal funiculus 
and vestibular deafferentation. Inability to 
devise a surgical technique for effecting 
vestibular deactivation without injury to the 
auditory mechanism, however, necessitated 
restricting the comparison to unoperated 
Ss and those with spinal injury (the adroit 
solution to this difficulty used by Finger, 
Bice, and Day [3] appeared in the literature 
while this paper was in preparation). Accord- 
ingly, from the general hypothesis stated in 
the first Paragraph certain more specific 
Predictions have been derived: 

1. If proprioceptive stimulation from the 
voluntary musculature constitutes an im- 
Portant source of convulsion-inducing feed- 
back, interruption of the major proprioceptive 
pathways from the trunk and limbs may be 
expected to result in cessation of the seizure 
response or a diminution in its frequency 
and/or intensity—the latter alternative being 
reflected as an increase in the number of 
terminal running as compared with full con- 
vulsive attacks. In addition, if proprioceptive 
feedback is important in initiating the running 
phase itself, the latency of the first running 
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attack may be 
expected i 
operated PEE p to be longer in the 
mit i ; 
‘sof hs of proprioceptive feedback 
Se a imited proportions so that the above 
still a o not occur, its contribution may 
seen in the increased latency of the 


tonic-cloni i 

F Lae sequence, the increased duration of 

ie ing phase, and the increased frequency 
he running attacks. 


METHOD 
Design 


Th i i 

rats secre design involves the use of white 
auditory test ad exposed to an arbitrary number of 
based on ay en divided into two equivalent groups 
Ricks: and pf requency of nonreactions, running at- 
Dear convulsions secured from each animal. 
eters: he E group, suffered bilateral dorsal hemi- 
the C A performed at the cervical level; the other, 
Sima a with the exception of surgery, received the 
E animei moat as E. After operative recovery of the 
telesat a oth groups were subjected to a further 
ire is compared on the several indices of 


Subjects and Apparatus 


Ty { 
at ih o Sprague-Dawley males 50 days of age 
individual esting served as Ss. Each was placed in an 
througt cage at 30 days and housed in this fashion 
A Pees the experiment. 
“ e ceail Ui) test chamber was devised by en- 
kalkanea small (17-in. diameter and 10-in. depth) 
ined wood metal tub, painted flat black, in a cork- 
area Ge box fitted at the top with a hinged ob- 
Paaie Tiny, Auditory stimulation was supplied 
tub, area oorbell mounted at the top center of the 
out the ne intensity was relatively constant through- 
eta pce measurements made at the floor 
fone che our points on the perimeter (ten determina- 
yielded a ach position) with a GRC sound-level meter 
timulus panmi 97.5 db. with a range of 90 to 99 db. 
odel ie as was controlled by means of aG. 
een interval timer. Each animal was tested in 
Placed a cage, 914 in. in diameter and 634 in. deep, 
clocked out 1 in. from the bell. The Ss) reactions were 
with a Meylan stop watch. 


Procedure 


Son een Each S received 
dai y Tae three test sequences: 
Provide data exposures to the bell, was conducted to 
sae ata for formation of the experimental groups. 
Vulsions. positive reactions, either running or full con- 
and all » Were obtained, this sequence was terminated 
ance animals submitted to dietary regulation to en- 
1 seizure susceptibility- After f ys of ad 


ibi 
he feeding of a magnesium-deficient diet, Test 
aie a TI was begun. It consisted of 6, 1- 
. tests conducted on alternate ays- 
ted and the 


f thi 
his sequence, E and C groups were crea! 


a total of 33 tests, 
Test Sequence I, 5 
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inadequate diet replaced by standard lab 
l oratory chow. 
After two weeks to permit recovery from the ase: of 
the dietary regimen, the E group was subjected to 
spinal transection. Sutures were removed seven to nine 
days later, and all animals were again placed upon the 
special diet. In another four days Test Sequence IH, 7. 
1-min. and 13, 2-min. tests spaced at 48-hr. intervals; 
was begun. i 
Diet. The mildly deficient diet used to enhance 


seizure sensitivity is similar to that used by Patton and 


Lazovik (13) in their experiment on sensory precon- 
ditioning. It consisted of the followi 


sucrose, 63 per cent; 


(Crisco), 5 per cent; 
MgSO: had been omitted, 4 per cent; vi 


with the exception of magnesium, kn 


' The vitamin mixture, prepare 
hagrin Falls, Ohio, includes ade- 


quate amı 


vitamins. 
de to eliminate 


.) No provision was ma 
s intake than that omitted 


from the salt mixture. 
edure employed 


Surgical procedure. The surgical proc ) 
in the present experiment is similar to that previously 
eS was placed under 


utilized by Lashley and Ball (7). Th 
sodium pentobarbital anesthesia, supplemented when 
necessary by ether; the skin in the dorsal cervi 

shaved, wipe i 


in 


eviously indicated, 


i r operation. eee 
ne days after OP ducted as indi- 


seven to ni ; 7 
Testing procedure. altany a nS to terminate 
vidual tests. Except where it was Pe T (two animals 
stimulation t0, Deau po ene “H and had to be 
i vulsion uring p 
diei E uration f the tests s that = ei 
rep! an , lation Wa: d after a 30-sec. 0! serva: 
above. 1 ‘g's reac test cage: A check list 
an - t of the ual z it os 
was k y ; A 
was ulation preconv sion, ee may unusua 
Jsion eriods, and notes were R frst runnin; 
pec pehavior tencies for cd a aa S 
$: as well as 

attack an the a "al ded. At the end of each 
of running & a = n a three-point scale 
test, the 5’s Teh al failed to display vigorous, 8P 
(NRO). e a darting for continuous 
piren, T st 3 se its behavio was classed as 
al s 

pe mii N). É running occurre the ‘test wa 
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scored “R.” The running response (R) was usually 
presaged by weaving of the head and body, mincing 
gait, backward circling, and sidling movements. These 
were replaced almost immediately by violent gyrations 
of sometimes extremely high velocity. If running culmi- 
nated in a tonic-clonic episode, the response was desig- 
nated convulsive (C). During these last mentioned 
attacks, which were usually of an extremely severe sort, 
the animal clung to the side of the cage or fell on its 
side or back. As in other instances of seizure in mag- 
nesium-deficient animals (13), the tonic phase tended 
to be predominant. 

Further description of measures used and their evalu- 
ation, The E and C groups were organized at the end 
of Sequence II by matching pairs according to the 
number of N, R, and C responses displayed by each 
S. Table 1 presents the total N, R, and C responses for 
the two groups.? The adequacy of this match was 
checked by performing a chi-square test upon the totals 
of the various categories for both groups, the expected 
frequencies being derived from the marginal totals, 
The resultant composite x? was clearly not significant 
Oe = .48, df = 2, p < .80). It was realized, meanwhile, 
that this application of chi square may be questioned, 
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score is slightly more complex. Its calculation requires 
making the assumption that N, R, and C represent 
three equally spaced points on an interval scale: N and 
C the extremes, R the mid-point. Thus, if N has aweight 
of 0 (no responsiveness) and C of 1.00 (maximum re- 
sponsiveness), R assumes a weight of .50, and I is com- 
puted by summing the weighted R and C scores and 
dividing by the number of R and C reactions. 
Additional indices of sensitivity are defined as fol- 
lows: The latency of the first running attack is the time in 
seconds from onset of stimulation to the first appear- 
ance of vigorous running. To be classed as vigorous, 
running, which usually follows a circular path, must be 
at least 3 sec. in duration and involve movement over 
the path twice through 360° from the region of initiation. 
The latency of the epileploid phase represents the interval 
between activation of the bell and the unequivocal 
Presence of an epileptoid sequence. This last is judged 
to have occurred when S, usually first having displayed 
widespread hypertonus, falls upon its back or side and 
convulses. The mean duration of running prior to con- 
vulsion represents the sum of the durations of the indi- 
vidual running attacks for each animal on tests ending 
ìn a tonic-clonic episode divided by the number of tests 


TABLE 1 


(8 tests) 


TEST SEQUENCE TIL 


Total Responses on Pre- and Postoperative Test Sequences and Mean Frequency and Intensity Scores 
TEST SEQUENCE II 
= ee 


GROUP a teata) 
c | Mean M can N R c Méan Mosi 
Control 79 6 11 | 18 A 
Experimental 77 5 | 14 | i a TA F £ F ‘81 


-20 -87 168 27 45 


for the assumptions of independence and randomness of 


matching, however, inclines the writers to accept the 
x* evaluation as valid. 

Nonetheless, in order to meet the objections just 
raised and to cast the data in a form in which, in the 
appraisal of group trends, the contributions of the indi- 
vidual Ss are given equal weight and formal cognizance, 
two responsiveness scores, the F score and the Fscore, 
were derived. The F score is a relative frequency score; 
it is computed by dividing the number of R and C 
reactions by the total number of tests, The I or intensity 


2 Individual matching data are included in Table I, 
This table and Table II, which also presents individua] 
test results, are available by ordering Document 3951 
from American Documentation Institute, Auxiliary 
Publications Project, Photoduplication Service, % 
Library of Congress, Washington 25, D.C., remitting 
$1.25 for microfilm (images 1 in. high on standard 
35-mm. motion picture film) or $1.25 for Photocopies 
readable without optical aid. 


on which convulsions were obtained. The mean number 
of running allacks prior to convulsion is computed by 
dividing the total frequency of running attacks on C 
tests for each S by the number of C tests recorded for 
that S. Finally, the relative duration of running is secured 
by dividing the sum of the durations of the individual 
running attacks on the C tests for each animal by the 
mean latency of the epileptoid phase for that animal. 
(It is realized that the representativeness of the indi- 
‘el mean scores upon which the data in Table 2 are 
Bete are subject to challenge, for they are derived 
rom samples of unequal size, the underlying distribu- 
tions of which cannot be specified. Median scores were 
computed, however, and compared with the means; the 
igh degree of similarity noted between these two esti- 
mates of central tendency Prompts the writers’ con- 
fidence in the reliability of the means and hence the 
legitimacy of their use.) 
Wilcoxon’s Matched Pairs Signed Ranks Test (16) 
was employed in the evaluation of all between-group 
Comparisons made upon the data of this experiment. 


RESULTS 


Frequency of response: the F score. The first 
hypothesis Predicts cessation, or reduction in 


es A 


PROPRIOCEPTIVE INFLOW AND SEIZURES 


oe. responses in operated 
C and E al analysis of the F scores of the 
groups reveals no significant differ- 
ence (p > .05). 
e ip eter E 
operated grou il ater OnE 
c p will be less severe. Pair-by-pair 
comparison reveals that in 6 of the 12 cases 
C > E. These differences, however, for the 
most. part are small, and there is one striking 
negative case. Statistical treatment reveals 
no significant between-groups difference ($ 
> 05), but suggests further experimental 
evaluation with larger groups and, perhaps, 
a greater number of tests. 

Readiness of response: latency and duration 
scores. Table 2 presents medians and ranges 
of the various latency and duration scores 
(individual data are filed with ADI. See 
footnote 2). No difference obtains between 
the groups for latency of the first running at- 
tack (p < .05). It appears that afferent 
excitation relayed via the dorsal funiculus 
exerts no apparent influence upon the induc- 
tion of the running phase, thus has no relevance 
for the convulsive sequence prior to this period. 
Meanwhile, the story is 4 different one for 
the period subsequent to the initiation of 
Tunning: The latency of the epileptoid phase 
is unequivocally longer in the operated animals 
(p < .03), implying that interference with the 
functional integrity of the dorsal funiculus 
does influence the character of the seizure 
reaction. A greater amount of preconvulsion 
activity is required to bring about the epilep- 
toid sequence in the surgically treated Ss: 
There are, on the average, more running 
attacks in E prior to convulsion (p < 01); 
there is longer duration of running (p < .01); 
a greater proportion of the interval between 
first running attack and convulsion is devoted 
to running (p < -05). Thus, while the initial 
hypothesis of this experiment does not receive 
support, its alternative, Hypothesis 2, ap- 
pears to be confirmed in all its aspects. In 
addition, while no attempt was made to scale 
the severity of the tonic-clonic episodes, the 
general impression gained was that they were 
less intense and of shorter duration in the E 


group. i 
Evaluation of operative lesions. Upon com- 
pletion of test Sequence ITI the E animals 


the lower r0 
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were sacrificed, and a portion of each cord 
extending several segments on either side of 
the lesion prepared as serial sections for evalu- 
ation of the extent of damage. The sections 
were stained in haematoxylin and eosin. 
While this staining technique does not reveal 
nerve fibers in detail, it does make possible a 
reliable estimate of the depth of penetration 
of the individual lesions. 

The results of surgical insult are diagram- 
matically summarized in Figure 1. Inspection of 
the representative cross sections in the upper 
row indicates three depths of lesion: I, found in 


TABLE 2 


res and Range of Control and Experimental 
Additional Indices of Responsiveness 
Postoperative Test Sequence (m1) 


Median Sco: 

Groups on 
during 

GROUP 


MEASURE 


eS e 
Mean latency (in sec.) 
per trial, ist running 
attack 5 
Mean latency (in sec.) 
per trial, epileptoid 
phase , 
Mean duration (in sec.) 
trial, running) ‘ 
or to convulsion | 5-55 4.0-9.0 |13.55|0*-17.5 
Mean number running 


i} 
1.25} 1.0-2.0 


23.8 | 12-62 


133.8 | 15-80 68.8 |0*-83 


1.88|0*-3.0 


0.21/0*-0.51 


i 12), involv 
‘ vreciculs gracilis an fasciculus 


dorsal horn; MI, 


nimals (no- 21, 28, 29, 32), 
erably more damage than II 
gracilis, fasciculus cuneatus, 
horn. with sparing of the 
ang, te ie In three animals (no. 18, 
lesion penetrated at an angle, 
23, 25) me n the right side as indicated in 


ing deeper © 
SMe A of diagrams. 


Jogical appearance 


penetration involv 


The histo of the lesions 
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was in no way unusual. Scar tissue typically 
bridged the cut ends, and occasionally small 
cysts were present. In a few preparations, 
notably number 25, small unabsorbed clots 
were observed. While the staining technique 
utilized could not be expected to provide 
evidence of neural regeneration, the use of a 
cautery renders doubtful (cf. 14, pp. 11 ff.) 
its occurrence in any significant degree. 


, Fic. 1. Diagrammatic c 
tion indicates depth of lesion, 


DISCUSSION 


The E” major concern, after an over-all 
consideration of the present data, is directed 
toward accounting for the limited (in terms of 
their pre-experiment expectation) contribution 
of proprioceptive excitation from the voluntary 
musculature to the character of the seizure 
response. Speculation may be extended along 
two lines: (a) methodological, i.e., explanation 
in terms of either inadequate lesions or re- 
strictions inherent in the deactivation approach 
itself; (b) functional, i.e., explanation in terms 
of the limited functional significance either 
of the anatomical pathways or the sensory 
modality under consideration. 

It is quite probable that the limited influence 
attributable to the dorsal root processes results 
from incomplete experimental lesions, for in 
no E animal were the dorsal tracts completely 
severed. Examination of sections from even 
the most severely injured preparations suggests 
the possibility of considerable transmission 
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through the uninjured portions of the dorsal 
funiculus. This possibility is supported by 
the fact that no locomotor defects were in 
evidence in the postoperative home-cage 
behavior of the E group, and by earlier reports 
(6, 7) of quick locomotor recovery in animals 
suffering deeper penetration than the present 
Ss. Had the dorsal columns been completely 
severed, conduction may still have been pos- 


25 


ross sections of the cervical cord showing damage suffered by E animals. Shaded por- 


sible, of course, as a result of collateral trans- 
mission (6) or regeneration (14). Electro- 
cautery was used in producing the lesions as a 
Precaution against the latter. 

In the selection of the present surgical 
Procedure the writers followed the assumption 
of Lashley and Ball (7) and of Ingebritsen 
(6) that in the rat, as in vertebrates of higher 
form, tracts of the dorsal funiculus serve as 
mportant avenues of proprioceptive excita- 
tion. That these tracts are important to such 
a function, or for that matter, that they are 
involved in such a function is, however, still 
to be empirically established. Meanwhile, 
Previously published data clearly suggest that 
Proprioceptive transmission is, at most, not 
their exclusive prerogative: Two studies (ó, 
7) describe only minimal locomotor dysfunc- 
tion in animals subjected to much deeper 
dorsal lesions than those of this experiment; 
Ghiselli (4) ina well-controlled, and Brown 

In an even more extensively controlled, 


gah s 
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investigati 

regarded to a with similar lesions in tasks 
ces. The n F dependent upon kinesthetic 
addition Pring ts of the present study, in 
Siew p a not inconsonant with such a 
from naa absence of physiological data 
tinal ma > construct confidently a func- 
epenn o the rat’s spinal cord, future 
Deea, might at least include the 
privceptive i of other tracts conceivably pro- 
eee in function (e.g. the spinocerebel- 
dorsal =e ee of, or in addition to, the 
7 Ange a explanation is that proprio- 
Crewe ee not important for these 
and Day’s (3) ree prompted by Finger, Bice, 
excitation i ) recent conclusion that vestibular 
incidence ata with regard to seizure 
wich. ths Towever, the experiment upon 
Sula conclusion 1s based is not entirely 
Dhara for it may be objected that the 
unction d ogically produced vestibular dys- 
Se a lescribed by these workers may have 
lee oo magnitude to effect a 
their beh change in susceptibility and/or 
reveal it n data not extensive enough to 
mtd er last could have included more 
showing ee of the number of animals 
Šeqienca T C reactions during each test 
significan, inally, even though the limited 
processes. v of the vestibular and kinesthetic 
strated , considered individually, be demon- 
ie, nad kpa possibility presents itself, 
Sources 6 is the interaction of these two 
Warrants Hire that is important. This 
as does uture experimental consideration, 
manner another still unexamined problem, the 
about i which auditory stimulation brings 
sequen e running phase of the response 

T ce. 
aon niona] observations merit b 
Plushine one physiological, one behavioral. 
Vasodil is of the skin surfaces, with peripheral 
Sas lon, was the most obvious symptom 
Nick gnesium deficiency- It was, however, 
reborn variable than that previously 
ine in (13). It did not appear at the same 
once it ey animals, nor was it always present 
Not co had been observed. It was, furthermore, 
occurn, rrelated to any high degree with the 
ta a of convulsions, for animals on 
tests responded in & most extreme 


rief 
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fashion while showing no clear signs of vaso- 
dilation, on other occasions gave no respo 
even though severely flushed. aie 

Most investigators of audiogenic seizures 
have ignored or tended to minimize the im- 
portance of more complex psychological vari- 
ables as determinants of the convulsive 
syndrome. Survey of the protocols of the 
present subjects on the first few tests suggests 
the advisability of re-evaluating the role of 
such variables. Without exception, the ani- 
mals, which were gentle, tractable, “curious” 
in the initial test situation, began, after only 
one or two exposures to the bell, to show 
premonitory symptoms prior to auditory 
stimulation—head sway, weaving body move- 
ments, preening, scratching, immobile crouch- 
ing, change in respiratory pattern, piloerec- 
tion, etc.— and vigorously and Joudly to resist 
being removed from their home cages and 
placed in the test chamber. 


SUMMARY AND CONCLUSIONS 


matched pairs of young male 
wley albino rats, maintained on & 
deficient diet, were subjected to 
20 auditory tests administered on alternate 
, after one member of each pair hat 
suffered damage to the dorsal funiculus at the 
i f the test records 

d animals reveale 
in the frequency oF 
, but the operated 5S 
d displayed 2 greater 


efore reaching full 
idity of the 


Twelve 
Sprague-Da 
magnesium- 


e time an 


amount of violent running b 


convulsio 


tributory factor in the F c 
experimentally induced epileptoid attacks. 
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SISTANCE TO AUDIOGENIC SEIZURE IN RATS TRAINED ON AN 


INSTRUMENTAL WHEEL-TURNING RESPONSE 


FELIX E. GOODSON AND MELVIN H. MARX! 


University of Missouri 


To pp- by-product of the many 
dives vias hes iogenic seizure sensitivity in 
ae ed peen the frequent observation that 
lite Dee ort exhibit various forms of 
(i, 4 agree during nonseizure trials 
re bt Ne Miscellaneous activities such as 
th hattering, restless head and body move- 
rubbi ames and nose- and ear- 
n3 F ave often been reported (as reviewed 
if UAR : Seizure apparently seldom ensues 
as orms of behavior occur, and this 
ties y has therefore been interpreted as @ 
a itute form of response—or as à means 
ac: convulsion. 
Soort objective evidence that indirectly 
Aa ponis this hypothesis has been reported. 
ee shock to sound stimulation was 
ai se to produce more crouching in the 
4 na results from sound stimulation alone, 
(2) ae followed by fewer convulsive attacks 
or as also been reported that convulsive 
Pe were reduced in, number when 
aif s were forced to move vigorously during 
mulation (5, 10). 
fe until the present time, however, there 
= Sn no attempt to control the specific 
EA ce activity which the animals may use 
eet substitute response. No direct experi- 
Ded attack on this problem has been re- 
desi . The present experiment was therefore 
gened to test the hypothesis that training 
w ure-sensitive animals to make an instru- 
ental wheel-turning response will result in 
greater resistance to seizure. 


METHOD 
Subjects 


ia group of 215 albino rats from 3 to 6 months old 
4 s screened for the experiment. Sixty-six of these 
nimals were found to be seizure-sensitive. From this 
Koup 22 animals (8 male ani 14 female) were selected 
or the experiment on the basis of a series of equation 


trials, 
For the critical test trials the original 11 pairs of 
animals were used. Between the fifth and the ninth 


test trials four animals died, necessitatin| 


to 7 pairs. Since the animals were paired, th 

any one animal resulted in the Gecarding ‘of meee 
The animals were taken from the colony maaned 
by the department of psychology at the University of 
Missouri. They were maintained on a standard labora- 
tory diet of Purina Laboratory Chow with unlimited 
food and water available at all times. 


Apparatus 


Screening and Equation Trials 


undproofed box which has been previ- 


A partially so! 

ously described (11) was utilized. It contained doors 

that allowed E to place a smaller, two-compartment 

box within it. The two-compartment box was placed 

just below an air whistle calibrated to sound at a funda- 

mental frequency of 12,300 cps. An electric clock was 
circuit so that a measure 


connected to the compressor 

of the time the whistle was active could be obtained. 
Time measures for the different phases of the seizure 
behavior were recorded by means of a stop watch. 


Training and Test Trials 
ller box (13) was divided into equal 


and a contro 
thout the wheel). The small wheel (4 in. in 


diameter) Was set in the right end of the compartment 
2 in. above the floor. It was turned by vertical move- 

, As the wheel turned, it broke the 
d the effectiveness of the 


d turning of the wheel as an instrumental— 


shock-reducing—TesPons” was J 
whistle of 12,300 cps- was placed directly above the 
artition SO that | amplitude f 
introduced into The 
the left side of the Mowrer Mi 
hole was covere ya 
Cie ae ich the whistle and grid were 
an electric clock, and 
nvulsions were measured 


stopwatch. 


Experimental Design 


Screening Procedure 
given three 2-min. seizure trials in 


Each animal was 
the soundproofed bos one every three days. After each 
testing session se animals which showed convulsions 
were placed in separate cages- At the end of the screen- 
ing trials & total of 66 seizure-sensitive rats had been 


obtained. 
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Equation Trials 


Five trials per animal were administered in the 
soundproofed box in order to obtain data as a basis for 
pairing the 66 seizure-sensitive animals into two equated 
groups, permitting use of a matched-pair design. The 
rats were run in pairs, and the whistle was sounded for 
2 min. in all cases. : 

The animals were first equated according to the 
total number of tonic-clonic convulsions obtained 
during the five trials. This placed them in six categories: 
those having 0, 1, 2, 3, 4, and 5 convulsions. The 44 
animals with less than 2 convulsions were discarded. 
The 22 animals in the other categories were further 
equated on the basis of an arbitrary scoring method 
similar to one previously reported (12). Directed running 
was scored 1 point; undirected running, 2 points; and 
tonic-clonic convulsions, 3 points. 

These three phases were typical of audiogenic 
seizures in rats (3, 14). Directed running consisted of 
low-velocity activity marked by short, erratic runs 
and by the animal’s apparent ability to avoid striking 
objects or running into walls. Undirected running con- 
sisted of high-velocity running usually initiated by a 
characteristic and unmistakable burst of activity. This 
phase was further marked by the animal’s nonavoidance 
of objects and barriers. Tonic-clonic convulsions con- 
sisted of tonic contraction of the musculature of the 

animal’s body followed by a rhythmic contraction and 
relaxation. These phases were so distinct from each 
other that the Es had little difficulty in timing the 
duration of each. 

After the animals had been equated according to 
the number of tonic-clonic convulsions and seizure 
Scores, they were further equated for seizure latencies. 


Training-Test Series 


A total of nine training-test series was given. The 
Group II animals were in the experimental compart- 
ment on the second training-test series (reversal), 
During all other training-test series the Group I 
animals were on the experimental side of the apparatus, 

i Training trials. A series of 16 training trials was 
given prior to each test trial. This number was selected 
on the basis of the results of a pilot study run to deter- 
mine such procedural details. The equated animals 
were placed in the Mowrer-Miller apparatus with one 
animal on each side of the partition. Each pair of 
animals received 30-sec. shock trials with the shock set 
at 300 volts a.c. The shock was used during training 
trials to insure learning of the wheel-turning response, 
The animals received 2 trials per day, three times 
weekly. 

Test trials. Approximately 5 min. after the final 
training trial the animals were tested. They were again 
placed in the Mowrer-Miller apparatus. During these 
trials, however, both whistle and shock were used, 
In each case the shock preceded the whistle by an inter. 
val of 3 sec. in order to give the animals in the experi- 
mental compartment sufficient time to begin making the 
wheel-turning response before the whistle was intro- 
duced. All test trials followed the same procedure, with 
both whistle and shock on for a period of 90 sec. This 
length of period was used since it was discovered in the 
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pilot study that trained animals would very often cease 
making the wheel-turning response toward the end of a 
120-sec. period. 

The protocols for the test trials contained the 
latency in seconds of directed running, undirected 
running, and tonic-clonic convulsions for both groups 
of animals. Because of the difficulty involved in statisti- 
cally treating data expressed in proportions, a resistance- 
to-allack measure was devised. Tonic-clonic resistance 
Scores consisted of the number of seconds an animal 
avoided tonic-clonic convulsion during a 90-sec. test 
period. If an animal avoided tonic-clonic attack for the 
entire test period, it was given a tonic-clonic resistance 
score of 90 sec. On all other occasions the latency for 
tonic-clonic attack was used as the resistance score. 
Resistance scores for directed and undirected running 
were obtained in the same manner. 

An accurate record was also kept on the number of 
clonic head-forepaw attacks exhibited. Such attacks 
have been previously noted (9, 12). They consisted of 
a rapid jerking movement of the forepaws and head, and 
were usually preceded by the directed and undirected 
phases found in tonic-clonic convulsions. 

During all the training and test trials one Æ observed 
and recorded the behavior of the animals in the experi- 
mental compartment. A second Æ observed and recorded 
the behavior of the animals in the control compart- 
ment.? 


RESULTS 
Equation Trials 


The groups were equated so that each anl- 
mal of a given pair had the same number of 
seizures, In each group, 4 animals had 5 seiz- 
ures, 2 animals 4 seizures, 3 animals 3 seizures, 
and the remaining 2 animals had 2 seiz- 
ures. The mean seizure latencies for the 
two groups were approximately equal: 46.0 
sec. for the Group I animals and 45.6 sec. for 
the animals in Group II.? 


Training Trials 


Although there was considerable variability 
during the first few trials of the training series 
Prior to the initial test, most animals reache 
their peak of performance on the wheel by 
the tenth trial. When the Group II animals 


The authors are indebted to Richard A. Thweatt 
for his assistance in these observations. The firs 
named author acted as the other experimenter. 

*The data are available in Table A, which, along 
with Tables B, C, D, E, F, G, and H, is available y 
ordering Document 3950 from American Document” 
tion Institute, Auxiliary Publications Project, Pho À 
duplication Service, % Library of Congress, wee 
ton 25, D. C., remitting $1.25 for microfilm (imag 7 
1 in. high on standard 35-mm. motion picture film) 2 
$1.25 for photocopies readable without optical aid. 
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RESISTANCE TO AUDIOGENIC SEIZURE 


ee placed in the experimental compartment 
T Seed training, they reacted much 
ae the Group I animals. There was vari- 
ae, m performance during the first few 
Sea y hich soon leveled off as the response 
i e During the training trials prior 
teat oe retest, however, all the Group I 
ihe S began the wheel-turning response on 
rst trials and continued making the 
sponse at a high level of proficiency. 


Test Trials 


aoe initial test the results were as pre- 
Only 5 of the Group I (experimental 
nameng animals had tonic-clonic at- 
hs S, whereas all 11 of the Group II animals 
“at tonic-clonic attacks. On the reversal 
me animals in each group had tonic-clonic 
R acks. These data are shown in Table 1. 
“orresponding data for the retest trials are 
given in Table B (see footnote 2). 
oe matched-t test was used to determine 
teak significance of the difference between 
ana Stange scores for each behavior phase of 
the ee Since trials in which none of 
“ed ehavior phases of convulsion appear 
fee included as 90-sec. resistance Scores, 
ëa curyes were markedly skewed. For this 
son a square-root transformation was 
o ed and homogeneity of variance tested. 
ini en transformation the data for both the 
itial test and the reversal test were found to 
re Homogeneous with respect to variance. The 
0 gest F was 1.38 with 2.97 required at the 
05 level of confidence. 


The difference in tonic-clonic resistance 


Scores for the two groups on the initial test 


yielded a ¢ of 2.74; significant beyond the 
05 level of confidence. The tonic-clonic re- 
Sistance scores for the two groups on the 
Teversal test were almost identical. These 


data are in Table 2; and are based upon in- 


dividual data given in Table C; corresponding 


Means for the remaining test trials are given 
in Table D (see footnote 2). 

any ret as devised by elem, (15) 
Was also used to test the significance of the 
difference between the two groups On the 
Initial test trial. This nonparametric test does 
not require homogeneity or independence, and 
So the data could be utilized without trans- 
formation. The difference between the two 
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groups was found to be signi 
the .05 level of confidence. SE eal 
The mean tonic-clonic resistance scores for 
both groups of animals on all nine test trials 
are shown in Figure 1. The difference in re- 
sistance scores between the two groups was 
tested for each of the seven retest trials. 
The difference was found to approach signifi- 
cance only on the second retest trial. This 
difference yielded a t of 2.05 with 2.29 required 
for significance at the .05 level of confidence. 
It will be noted that the curves gradually 
converged and overlapped on the fifth retest 
e curve for Group I was fairly 


trial. Since th 
constant, this convergence was due largely to 


TABLE 1 


Number and Per Cent of Tonic-clonic Attacks on 
Initial and Reversal Test Trials 


crour I croup II 
— 
TEST TRIAL N Number | per cent Number a 
ert seizures |seizures seizures 
Initial 11 5 45.5 11 | 100.0 
Reversa! 11 6 54.5 6 54.5 
TABLE 2 
Mean Tonic-Clonic Resistance Scores for Initial and 
Reversal Tests 
croup I croup II 
= lh ale 
TAL N 
at Mean | 7 Mean | oy 


Ph tts e 
a reduction m seizure se: i 
TI animals. Tt will 

I animals showed the lowest 
scores ON that trial 


n the control side of 


d on the type of seizure 
at there was 4 steady 


mber of clonic head-forepaw 


increase in Uh experiment progressed. n 
the initial test, ° y 6 per cent of the seizures 

ic head-forepaw type. By the 
r cent of the convul- 
seventh ra i re of this type- (For data 


e! 
E see footnote 2.) 


md a é 
given in? me evidence to support the view 


228 


that the wheel-turning response raised tonic- 
clonic resistance scores even for those animals 
which did exhibit seizures. For such cases, it 
was found that the group on the experimental 
side of the apparatus had higher mean latency 
scores during all test trials except the reversal, 
where the mean seizure latencies for the two 
groups were approximately equal. Although 
these differences did not approach significance, 
they were in accord with the hypothesis. The 
data are given in Table F (see footnote 2). 
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patterns during the test trials. Those animals 
that managed to avoid seizure usually re- 
mained at the wheel during the entire 90 sec. 
Occasionally, however, an animal would show 
the typical startle response, leave the wheel 
for a few seconds and then return to it and 
continue making the response throughout the 
remainder of the trial. 

On at least eight different occasions animals 
continued making the wheel-turning response 
while involved in seizure. In all such cases, 


GROUP | 
GROUP II 


ot TAL Revonn ——_—_— 
INITIAL REVERSAL 1 2 3 


TEST TEST 


4 5 6 7 
R E T È § ¢ 


TRIALS 


Fic. 1. Mean seizure-resistance scores for both groups on all nine test trial 
ine test trials 


The resistance-score data (given in Tables 
G and H, see footnote 2) for directed and 
undirected running were similar to the results 
obtained from analyzing tonic-clonic resistance 
scores. Differences significant at the .05 level 
of confidence were obtained on the initial test 
trial. 


Qualitative Observations 


The animals on the experimental side of the 
apparatus exhibited a variety of behavior 


however, the animal left the wheel and per- 
formed Tunning and jumping responses before 
returning to it during the convulsion. It was 
also noted that if one of these animals hap- 
pened to fall away from the wheel, it would 
continue making those responses even though 
they were nonfunctional as far as the whee! 
was concerned. It was further observed that 
animals which went into seizure and did not 
return to the wheel occasionally exhibited 
Spasmodic movements of the forelegs and made 
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posturing responses which simulated those 
performed at the wheel. This behavior was 
also noted on several occasions in the animals 
Spe the control side of the apparatus. Such 
eed was not observed, however, unless 
he animals involved had previously been 
given wheel training. 


DISCUSSION 


» The results of the experiment support the 
hypothesis that the opportunity to make a 
Pel- leuren instrumental response will serve 
= reduce the effect of high-frequency sound 
T A rats. Not only was the 
Tennis in tonic-clonic resistance scores 
Sn ie the two groups statistically significant 
k e initial test trial, but also the resistance 
cores shifted in the predicted direction during 
the reversal test. It should be emphasized 
that this conclusion is based upon results ob- 
tained from a direct test of the hypothesis 


* involving (a) a specifically trained response, 


© individually equated and carefully treated 
ae Ss, and (c) adequate statistical analysis. 
hese conditions were not present in the pre- 
vious studies from which similar conclusions 
Were drawn. 

A problem of interpretation arises from the 
observation that the tonic-clonic resistance 
Scores were approximately equal on the re- 
posal test. The data offer evidence which may 
Ti of importance in explaining this result. 

he results for the first retest trial show that 
the tonic-clonic resistance score for Group 
was slightly raised over that obtained on the 
reversal test even though the animals in this 
group had been returned to the control side 
of the apparatus for the latter trial. This 
Suggests that wheel training may have had a 
residual effect which influenced resistance 
Scores for this group even when tested in the 
control compartment. A similar residual effect 
may have been responsible for the Group I 
animals’ failure to show lower resistance scores 
when they were tested in the control com- 
Partment. The observation that animals in 
the control compartment on several occasions 
exhibited postural and motor responses which 
simulated those made at the wheel may be 
offered in support of this hypothes's- , 

A second problem arises from the finding 
that the two curves gradually converged and 
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finally overlapped on the fifth retest trial 
owing to the gradual increase in resistance 
shown by the Group II animals. It has been 
found that seizure-sensitive rats apparently 
undergo a process of adaptation to sound after 
having been subjected to auditory stimulation 
many times (5, 9). Such adaptation may have 
reduced the number of seizures exhibited by 
the Group IT animals during the later trials. 

The results are consistent with both the 
conflict (7) and the pain-threshold-reduction 
(11) hypotheses. They may also be explained, 
perhaps more simply, on the basis of antago- 
nism between the wheel-turning response and 
the responses involved in the initiation of the 
seizure behavior. 

The phenomenon examined in this study 
may be related to certain problems of more 
general theoretical significance. For example, 


it has been a common assumption that human 
beings often indulge in seemingly irrelevant 
activity which helps them find partial escape 
from anxiety-producing situations. This ob- 
servation seems to parallel the finding in the 
present experiment that a response learned in 
one situation may persist as an adjustive 
mechanism following the addition of a new 


presumably prepotent stimulus factor. 
The relationship between these phenomena 

inarily subsumed under the rubric 
ecomes evident when 
he modification of the 
ddition of such 


udiogenic- 
determine 
al response 
e in increasing resistance 
animals were trained and 
Mowrer-Miller apparatus 
a vompressor-activated whistle 
two compartments by a 
n. Two primary sets of 
n the initial 
trained and 
TI animals 


whether a W r 


containing ĉ®, 
and divided into | 
beaverboard par 


training-test seri 


Group animals were 


Group 


ining trials to insu 
i shock-reducing) response, 


q whistle were used during 
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the test trial. On the reversal series the same 
procedure was followed except that the Group 
II animals were trained and tested at the wheel 
while the Group I animals were in the control 
compartment. During a series of retest trials 
the Group I animals were again trained and 
tested at the wheel with the Group II animals 


-in the control compartment. 


For the statistical analysis of the data a 
resistance-to-seizure score was utilized. A 
tonic-clonic resistance score consisted of the 


-number of seconds during which an animal 


avoided tonic-clonic attack. Those animals 
which avoided tonic-clonic attack .during a 
test trial were given a resistance score of 90 


"SEC. 


The results supported the hypothesis that 
opportunity to make a well-learned instru- 
mental response would increase resistance to 
seizure. On the initial test the difference in 
tonic-clonic resistance scores between the 
two groups was significant at the .05 level of 
confidence with the Group I animals (experi- 
mental compartment) showing the higher 
scores. On the reversal test the resistance 


_scores shifted as predicted by the hypothesis. 


Implications of the results were discussed. 
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INFLUENCE OF AREA AND ARRANGEMENT ON VISUAL PATTERN 
DISCRIMINATION BY MONKEYS! ’ 
J. M. WARREN? À ; è Ni 
University of Wisconsin s 


t 
tion-problem difficulty: 


ea et aria and monkeys, and pre- 
from r primate forms, show improvement 
DEt em to problem when series of 
learned penneg toa single general class are 
from s learning to learn, or transfer 
“formati em to problem, has been called 
and aR of learning sets” by Harlow (8) 
orderly be demonstrated to be a highly 
are ma predictable process as long as controls 
Sod eee over the experience of the Ss 
ifficulty of the problems. 

t Nata form such efficient learning sets 
trial i) eventually come to solve ina single 
iscri _ variety of problems involving the 

E age of stimuli differing n many 

ever sions (8, 13, 14). Little data exist, how- 
1 Rilemanciag the nature and efficiency of 
ee sets for discrimination problems of 
ee greater difficulty, discriminat=oF 

and Bes stimuli differing in a single dimension 
fa liscrimination between pattern stimuli, 
and Stimuli whose surfaces are partly identical 
as ently differential. Does stimulus difficulty 
ae alter the nature and form of 
Ing sets, or conceivably prevent their 


o $ 

rmation altogether? 
here already exists a considerable body of 
elated to discrimina- 


at; $ 
“ta concerning factors T 
Color stimuli are more 


e . 
asily differentiated than those differing in 


aa and size, and patterns are much less easily 
riminated than are pairs of objects, either 
accometric or stereometric, whose total sur- 
on. or contours differ in one oF more dimen- 
nabypether or not t 

ity of different © 
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mized or enhanced by prolonged (learning-set) 
training remains unsolved. Harlow, in his 
systematic studies of pattern discrimination, 
noted that “the differences in discriminability 
between these two kinds of pereeptions 
[stereometric objects and patterns] appear to 
be inversely related to experience; differences 


are greates 
diminish with intensive training” (6, p. 9) and 
that the initial differences between large and 
small patterns disappear with training. 

On the other hand, subsequent studies by 
Harlow (7); Meyer and Harlow (15), and 
Warren and Harlow (19) showed that stimuli 
differing in color, size, and form were dis- 
criminated with differential success and that 
the differences in discriminability among these 
cues seemed permanent and not reducible by 


training. 
The problems attacked in the following series 
of studies bear directly on Hebb’s (10) be- 
logical theories of behavior. 


havioral and neuro avi 
Hebb’s description of perceptual acquisition 


stresses the role of learning. The theory implies 


that learning should decrease differences in 
but it does not indicate 


erceptual difficulty, ‘ t 
a TE of the limits imposed by this 
variable upon facile learning-set formation. 
explicitly states that the slow 

i learning, which consists of the 
Seite ll assemblies and phase 
is not confined to childhood or to 


d immediately ring | 
ry deprivation. Even 


from th S 
with adult primates 
vironment it is reasonable to suppose that the 
a: the task to be performed, the more 
w-increment learning becomes. 
miliar perceptions become fa- 
and essentially conceptual 
be expected to occur. 
s ts to a strengthen- 
e of learning amoun li 
mi Ab ilitations petween cell assemblies and 
mas that are elaborated during the 


uence: . 
on a slow primary learning, when con- 


miliar, imme¢ 
“ater” learning mi 


t in the naive animal and tend to . 
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nections are set up between wholly unrelated’ 
activities. 

Hebb comments, regarding the studies of 
the formation of learning sets, ‘““Harlow’s whole 
argument, showing how the learning capacity 
may be changed out of all recognition by 
prolonged experience, is a powerful reinforce- 
ment of the position adopted in these pages” 
(10, p. 114). This would indicate that the 
following predictions are implicit in Hebb’s 
thesis: Pattern discrimination is a difficult and 

unfamiliar task for monkeys, and small 
patterns are, for untrained animals, less dis- 
criminable than large patterns. Primary learn- 
ing will occur in this situation, and its effects 
will be such that, over a period of many days, a 
significant improvement in performance will 
be observed, and after completion of a slow 
primary-learning phase discriminations of large 
and small figures will be solved insightfully. 

There is a wealth of data demonstrating that 
differential color is the most effective single 

cue to efficient discrimination learning by 
monkeys (see 7, 19). There are, however, a few 
data indicating how other variables may 
influence color discrimination, and it is the 
purpose of the first experiment of this series to 
determine the role of two such variables: (a) 


area and (b) positional arrangement of the 
differential color areas. 


METHOD 
Subjects 


Eight young rhesus monkeys (animal . 5 
158, 139, 160, 161, 162, and 164) sored gs this 
experiment. Their previous experimental experience 
was limited to 57 days’ testing on random planometric- 
object and stereometric-object discriminations (9) 
This group of monkeys had been given no previous 
training on pattern-discrimination problems. 


Apparatus 


The basic equipment was the Wisconsin General 
Test Apparatus (8, Fig. 1), which consists of a restrain- 
ing cage, an adjacent table, and a superstructure that 
supports opaque and one-way vision screens. Mounted 
on the table is a movable tray in which there are two 
food wells spaced 12 in. apart. 

The stimuli were made by mounting figures cut 
from colored construction paper (varying in saturation, 
brightness, and hue) on 3-in. squares of heavy white 
posterboard. These stimuli varied in three dimensions: 
area, positional arrangement, and color. The four 
colored areas used were 2.25, 4.50, 6.75, and 9.00 
sq. in., and these figures occupied 25, 50, 75, and 100 
per cent of the background squares. Each of the three 
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smaller areas appeared in three different positional 
arrangements. : 

The positional arrangements chosen produce quanti- 
tative variation in the amount of the border of the 
cards which is differentially colored (Fig. 1), and the 
arrangements are defined in this manner: In one 
arrangement (TB) the total border of the card is 
colored; in another (PB), part of the border of each 
card is colored; in the third arrangement (NB), none 
of the border of the card is colored. 

Each of the ten combinations of the area and 
positional-arrangement variables was prepared in ten 
different colors: orange, red, black, yellow, chartreuse, 
brown, blue, green, purple, and gray. Thus, there was a 
total of 100 different stimuli. Inasmuch as ten colors 
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Fic. 1. Performance as a function of area of the 
colored figure l 


taken two at a time yield 45 paired comparisons within 
any area-positional-arrangement combination, it was 
possible to generate 450 problems involving color 
discriminations between stimuli which were alike 1 
area and positional arrangement. 


Procedure 


A test trial began with the forward opaque screen 
lowered in front of S. A raisin or peanut was placed x 
one of the food wells, and simultaneously the baite 
and empty wells were appropriately covered by the 
(+) and (—) cards. The one-way vision screen Was 
lowered, the forward screen raised, the tray pushe 
forward, and S was permitted to choose. r 

i Each discrimination problem consisted of ten trials 
with a pair of cards differing in color only. Ten prob- 
lems, i.e., one pair of stimuli within each of the area” 
positional-arrangement combinations, were tested 0” 
each day. The 45 paired comparisons were mad? 
orthogonal to the ten stimulus categories. Therefore, 
the experiment lasted 45 days, and scores for each 
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eee obtained on a total of 450 discrimination problems. 

= parisons involving the same two colors were 

za tested twice on the same day, and the (+) and 

i oo were randomly altered from pair to pair so 
at interproblem transfer might be minimized. 


Experimental Design 


canes 3 (configurations) by 3 (sizes) by 8 (Ss) 
pains design was used. The 9.00-sq. in. size was 
Sonal because it could not be orthogonal to posi- 
"eae meen As mentioned under Procedure, the 
ae us Sy pie were all orthogonal to color compari- 
Ria the possibility of interproblem transfer was 
=e nized so that the analysis of variance provides a 
a ‘aningful test of the significance of configuration 
nd areas. 


TABLE 1 
= Summary of Analysis of Variance 
i 
toma |a) a n | 
Monkeys 7 12495.78 | 1785.11 | 3.188* 
onfiguration 2 | 4627.53 | 2313.76 | 4.133ł 
TEAR 2 18180.36 | 9090.18 | 16.238 
oS 14 | 1450.47 | 103.61 | 1/5.403 
oA 14 | 1499.07 | 107.08 | 1/5.228 
Ree. 4 | 2407.14 | 601.78 | 1.075 
XCxXA | 28 | 1576.43 | 559.80 
POE: ena 71 '42177.78 
*.05 CL. me a el 
t.01 CL, 
t.001 cL, 


we variance due to successive testing days was 
avoidably confounded with the stimulus-categories 
Beast companions interaction, and so it was im- 
Probl le to obtain an unequivocal measure of inter- 
Combia _ learning within any area-configuration 

a ination by any means short of a 45-day replication. 
oe of interproblem learning was obtained by 
on Paring total errors (summed over all categories) 
renee 9-day periods. The latin square used to 
wager the ten stimulus categories orthogonal to the 
Pari comparisons insured that each of the 45 com- 

‘sons appeared twice within these 9-day blocks. 
with oe comparisons of the intraproblem learning 
ea i any of the categories were possible because 
witty of the 45 paired comparisons occurred once 

ìn each category. 


RESULTS 


Performance, as measured by the percentage 


Of correct discriminations on trials 2 to 10, is 
function of the differ- 


pa as a parameter. 
im eases in area up to 
ae oved discrimination; 

to 100 per cent has littl 


75 per cent result in 
but the increase from 
e effect on per 
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formance. The total-border (TB) arrangement 
is superior to both the partial-border (PB) 
and no-border (NB) arrangement, and the 
PB arrangement is, in turn, more discriminable 


AREA=9.00 SQ. IN. 
LOG Y=!.407!7- .09916X 
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t. The magnitude of 
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the diff far the larger areas, the differences 

decreases yen NB arrangements de- 


ea es 9,5 per cent at 25 per cent to 
fe f 


1.5 per cent at 5 per cent. 


Analysis of variance, summarized in Table 1, 


di variations resulting from 
indicates that the 
positional arrangement and from area are 


than the NB arrangemen 
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significant at the 5 and at the 1 per cent levels 
of confidence, respectively. The ?/’s of related 
measures show that fewer total errors were 
made on the TB arrangement than on either 
PB or NB, and fewer errors were made on PB 
than NB. The differences in all comparisons 
were significant at or beyond the .02 level. 
Summing over all categories, it is found that 
more errors were made on each of the two 
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Fic. 3. Intraproblem learning as a function of 
configuration 


smaller areas than on either of the larger, and 
the differences are significant at or beyond the 
.01 level. The increase in correct responses 
between 25 and 50 per cent differential colored 
area is significant (p < .01); the difference 
between the 75 and 100 per cent differentia] 
colored area is not significant. 

The total errors on all categories showed a 
consistent decrease between successive blocks 
of 90 problems, but the decrease was not 
statistically significant at the .05 confidence 
level. Thus, the data are inconclusive regarding 
the existence or the magnitude of interproblem 
learning. 


Intraproblem learning as a function of the 
area of the colored differentiae is plotted in 
Figure 2 and as a function of configuration in 
Figure 3. Both figures give the empirical 
values and the least-square solutions of the 
general equation ¥ = 10° — 10°, for errors 
on trials 2 through 10. 

Comparison of the least-square solutions for 
each of the four areas and three positional 
arrangements reveals that these functions 
differ in slope and asymptote. The curve which 
best fits the 25 per cent-area data has a much 
lower slope constant and higher asymptote 
than the curves fitted to the data obtained in 
problems involving the larger areas. It ap- 
pears, indeed, that even after a very large 
number of trials, the errors in discriminating 
25 per cent areas would exceed those made on 
Problems with the larger areas. The NB 
Positional arrangement has a lower rate than 
the PB and TB curves, but at trial 10 there 
are no large differences in asymptote among 
the positional arrangements. 


DISCUSSION 


The results of this experiment constitute a 
demonstration of the fact that sensory acuity 
is a necessary but not sufficient condition for 
complex perceptual organization. Weinstein 
and Grether (20) have demonstrated that the 
minimum visual acuity of Macaca mulalla 
is within normal human limits, and Grether 
(3) found that color discrimination throughout 
Most of the visible spectrum is similar in the 
thesus monkey and man. In a minor study at 
the Wisconsin laboratory it was observed that 
normal monkeys and most _brain-injured 
animals could be trained to detect consistently 
the presence or absence of a ¥64-sq_-in. circle 
on a 3 by 3-in. square. Thus, although the 
area of all stimuli used in this experiment was 
far above the monkey’s limen, differentiation 
between the small-area stimuli was much more 
difficult than differentiation between the 
larger-area stimuli. 

Similar discrepancies between the sensory 
threshold and the perceptual threshold for 
efficient learned discrimination have bee? 
observed in primates and carnivores, Harlow 
(4) and Warren (17) found that colored pat- 
terns are poorly discriminated even when the 
figures are well above the acuity threshold, 
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es È number of workers have found that 
deters RODSIStEnE responses to form per se 
E TE when the size of the figures is 
vis 0.1 ena but definitely supraliminal, 
ieee there is only a low correlation 
of onie si REI and perceptual capacities 
Derenin 7 the results of this study show that 
catia, s behavior in response to areal and to 
sical] na -arrangement differences is intrin- 
de “me in this species. These results are 
entlior eeping with the findings obtained in 
Eh experiments. 
eran (12) and Gellermann (2) have 
domi ed data which indicate that the pre- 
unant tendency in pattern discrimination 
ea human primates is to respond to the 
by ah qualities of whole cards rather than 
lity e discernible patterns on the cards. 
i (12) observed that Java macaques 
plano on a size discrimination between 
Garten objects showed zero transfer when 
i a, to discriminate the same stimuli on 
a a backgrounds (ie., after they had 
cbtai transformed into patterns). Harlow (5) 
dinates similar results in an analogous 
itd a Gellermann (2) trained chimpanzees 
— earold children to choose a triangle 
squa, S a square. When tested with a small 
Stall ona large-triangle background versus & 
a triangle on a large-square background, 
trian ae responded positively to the small 
tri gle, but the chimpanzee chose the large 
aia stimulus. 
hee studies indicate that in pattern 
oS egy such as those of the present 
stro igation, the monkey responds more 
ies asly to the borders than the centers of the 
fal Performance should, therefore, be 
dine _ if the differentially colored areas 
an arge relative to the area of the background, 
the x the colored cue is in close proximity to 
a order of the card. This hypothesis is in 
2 Viously good agreement with the ranking 
A the stimulus categories by area and by 
Sitional arrangement. 
= ditional corroboratory 
two minor studies by the author (18). He 
Ound that the relative area of the colored 
cterentia was a significant determinant of the 
curacy of patterned color discriminations, 
Ut over a wide range of values absolute area 


data were obtained 


was not a highly influential determinant. It 
was also observed that small colored squares 
of equal area differed significantly in discrim- 
inability with variations in the locus of the 
colored cue from the center to the borders of 
the background square, with the peripheral 
loci being most discriminable. 

Harlow (4), in his studies of discrimination 
learning, demonstrated striking differences 
between the ability of monkeys to discriminate 
stimuli that differed in multiple dimensions or 
tolal surface colors and the stimuli which had 
surfaces that were in part identical (e.g., 
two differentially colored patches centered on 
identical backgrounds). On the basis of these 
very striking differences he classified such 
problems as “object discriminations” and 
“patterned discriminations.” The data of the 
present experiment strongly indicate that 
these classifications do not represent a true 
dichotomy, for two stimuli that differ in total 
surface colors are no more readily discriminated 
than stimuli in which 75 per cent (or pre- 
sumably more) of the total surface areas differ. 
Thus, “patterned discriminations” and “object 
discriminations” represent merely different 
positions on & particular stimulus continuum, 
and not truly differential categories. 


SUMMARY 


Eight rhesus monkeys were tested on a 
series of 450 patterned color discriminations. 
The stimuli varied in the area and the posi- 
tional arrangement of the differentially colored 
figures. Significant differences n the percentage 
of correct responses, and different rates and 
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Thi p 
the ne atone was designed to determine 
Sois u of variation in two stimulus dimen- 
eer the learning of patterned form 
being (a) a by monkeys, the dimensions 
ity & th oe geometrical regularity-irregular- 
bf thes ee and (b) the absolute areas 
eg theory states that simple figures, 
eve Le and squares, are immediately 
ee = distinctive wholes, e.g., Köhler 
s , “Simple and regular wholes, also closed 
Stree formed more readily and more 
(9 ie than irregular and open wholes” 
Ceta 45). The theory implies that the “good” 
easily ate of regular figures should be more 
ae erentiated from one another than the 
ae Gestalten of irregular figures. The 
bile: “sete can be deduced from premises 
Kits an the innate factors of the Configura- 
the races (6) discussed the differences in 
differen ciability of stimulus patterns with 
TRA tial responses and described regular 
seti and Thorndike figures (12) as repre- 
AKR e of opposite extremes. The identi- 
dhe me of a figure, of which associability is 
Side ore is determined by the degree to 
Aeae approaches geometrical regularity. 
Siti g to Hebb, straight lines and angles 
“the ee in pattern perception. He holds that 
irregular made up of straight lines, instead of 
Pronettis RCULVES, has special physiological 
mall ee ' (6, p- 82) which determine maxi- 
and os scriminable patterns of eye movements 
Th herefore, readily learned identifiability. 
e peime data on this problem are 
odi - Lashley (10) observed that rats learned 
iscriminate highly irregular “Thorndike 
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figures lacking identifiability” as readily as 
regular geometrical forms. 

Harlow (4) found discriminations between 
-in.) patterns were learned more 
problems involving large (2-in.) 
influence of the absolute area of 
the differential stimuli on the generalization of 
overlearned geometrical “concepts” has also 
been investigated by Gellermann (2, 3) for the 
child and chimpanzee, Klüver (8) and Neet 
(11) for the monkey, Karn and Munn (7) for 


the dog, and F. ields (1) for the rat. 
e present experiment 


that employed by Lashley and by 
the joint effects of regularity- 
riations in figure area 


small (14 
slowly than 
patterns. The i 


is similar t 
Harlow, in that 


irregularity and of va 
are measured by error scores on & number of 


independent learning problems. A deliberate 
attempt has been made to avoid the complica- 
tions arising from the interproblem transfer 
is developed in concept-formation 


which 
experiments. 
METHOD 
Subjects 
rhesus monkeys (animals No. 


Seven adolescent o 

161, 162, and 164) served as Ss 
" The group’s previous laboratory 
isted of 57 days’ testing on 
object discriminations 
(5) and 45 days’ training ed color-discrimina- 
tion problems (12). 


Apparatus 
The Wisconsin General Test Apparatus was utilized 
throughout this riment. The 60 patterned stimuli 
were made by mounting res cut from black construc- 
tion paper upon „in. squares of white posterboard. 
The ten forms U are illustrated in Figure 1. Five 
metrically regular, 1.€., their contours 
raically simple equations, 


may be di ribed by algebraica "y © s 
whereas the other figures are irregu ar ani complex 
difficult to describe mathematically or 

in six sizes: 0.9, 1.8, 


and would be fg 
_ All ten figures a 
verbally. A ` in, and these areas were 


2.7, 3.6, 45: ane © 

2 allat 5: 0, 30, 40, 50, and 60 per cent of the 

back; d card. R 7 
A of the areas of the irregular figures to 


238 


those of the regular forms was accomplished by use 
of a chemical] balance. The weights, and presumably 
the areas, of the regular and irregular forms were 
equated for each of the six sizes. Progressively_ larger 
irregular figures were made by successive tracings of 
models. Unfortunately, the maximum linear dimensions 
of some of the irregular figures at areas 4.5 and 5.4 
sq. in. slightly exceeded 3 in., and some distortion was 
introduced by the small modifications necessary to fit 
these figures onto the background card. . - 

The ten figures taken two at a time yielded 45 
paired comparisons, of which 10 were between two 
regular forms (R-R), 10 between two irregular forms 
(I-I), and 25 between one regular and one irregular 
form (R-1). These paired comparisons between figures 
were orthogonal to the six areas, so that a total of 
270 different stimulus pairs was formed. 


i 2 3 4 5 


REGULAR FIGURES 


ROLY 


IRREGULAR FIGURES 


Fic. 1. Forms 


Procedure 


The individual test-trial procedure was the same as 
that described in the previous experiment (13). Each 
discrimination problem consisted of 15 trials with the 
stimuli differing only in the form of the figures upon 
them. Six different problems, one at each value of the 
area varjable, were tested each day for 90 days. Since 
area and paired comparisons were orthogonal, the 
90 days’ testing permitted two complete replications of 
the 270 combinations and permitted an unequivocal 
test of the significance of learning. 

Comparisons involving the same two forms are 
never tested on the same day, and the (+) and (—) 
forms are randomly altered from pair to pair to minimize 
interproblem transfer. To prevent the use of secondary 
cues, fresh cards were frequently substituted for those 
which had become soiled by the Es’ or Ss’ handling. 


Experimental Design 


A factorial design was used, in which the variables 
of area, Ss, replications, and types of paired com- 
parisons (R-I, I-I, R-R) were orthogonal. The number 
of problems within the three classifications of compari- 
sons was unequal, the R-I problems being two and a 
half times as frequent as either the I-I or R-R discrimi- 
nations. The alternative of selecting an arbitrary 
sample from the R-I comparisons was rejected since 
il was assumed that the advantages of exhausting the 
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limited population of problems outweighed the difficulty 
of equating the number of problems within categories 
(which might involve under- or overestimation of the 
relative difficulty of the regular-irregular discrimi- 
nations). 


RESULTS 


Performance, as measured by percentage 
correct trial 2 to 15 responses, is plotted as a 
function of the area of the figure, with the type 
of comparison as a parameter, in Figure 2. 
Discrimination performance on the R-I prob- 
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lems was superior to that on T-I or R-R at all 
Points, and the only large differences betwee? 
LI and R-R appear in favor of R-R at areas 
4.5 and 5.4 sq. in. There was a clear increment 
in performance on the three categories wit! 
increases in area, except for the last two points 
on the I-I curve, 
The analysis of variance is summarized 1 
Table 1, with the F ratios for the main effects 
being tested against the largest appropriat® 
interaction. Variation in performance resulting 
from both area and the types of comparison }* 
significant at the .1 per cent level of com?” 
dence. The difference between problem bloc 3 
i.e., practice) is not statistically significant- 


AREA AND ARRANGEMENT IN DISCRIMINATION 


aon ee fewer errors as measured by ! 
ne o poan measures were made on the 
a lems than on the LI (p < .01) or 

categories (p < .05). The difference 


Te TABLE 1 
ain Effects Tested over Largest Significant 
Interactions 


E sources ` df | us F 
Monkeys 6 | 2203.96 | 2.49 
X PB 6 | 884.96 

zrokem Blocks 1 | 469.67 1 

1X PB | 884.96 | 1.81 
fae 5 | 2375.28 | 19.05¢ 

X PB | 5 | 124.69 

| | | 

Categories | 2 | 3010.62 | 25.69t 
MXC 12 117.21 } 
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= tween total errors on LI and R-R was not 
soo tficant, nor were these two categories 
g eificantly different at the two points of 
ai ies divergence between their curves, i.e., 
I «5 and 5.4 sq. in. 
tog ne nee learning on 
Parisons is shown in Figu 


the three kinds of 
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again shows that performance on the R-I 
category is superior to either I-I or R-R, and 
that the latter two do not differ consistently. 
Observation suggests that the R-I carve 
differs in slope and asymptote from the I-I 
and R-I curves, and these latter two might be 
fitted by the same logarithmic growth function. 
The same intraproblem learning data are 
plotted as a function of the area of the figure 
in Figure 4. There are irregularities along each 
of the individual curves, and some overlapping 
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between curves occu t it is apparent that 

as the area of the figure is increased, there 1s a 

continuous increase in the rate and final level 

of intraproblem learning. 
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discriminable. The failure to observe significant 
learning in three months of testing is not in 
accord with Hebb’s theory of learning to 
perceive, for one might expect consistent 
improvement and high level of efficient per- 
formance if Hebb’s theory were a valid basis 
for the prediction of behavior in this situation. 

The results of this study disagree with 
Harlow’s (4) observation that the difference 
between large and small figures becomes 
insignificant with practice. Harlow s animals 
were experimentally naive, and it may be 
supposed that such animals would show some 
improvement in discrimination learning; Ss 
tested in this study had 102 days of testing 
before being tested on patterned form dis- 
criminations and may very well have reached 
the limit of learning-set formation, so that 
differences in performance determined by 
stimulus parameters would be permanent and 
irreducible. 

The results of this experiment are in good 
agreement with those of the previous experi- 
ment in indicating that increases in the area of 
supraliminal figures improve the discrimination 
of patterns, and add a further indication of the 
monkey’s perceptual organization—regularity 
and irregularity form two dimensions of 
similarity in the monkey, as in man, inasmuch 
as discrimination within these continua are 
inferior to discriminations between them. 


SUMMARY 


A group of seven normal macaques was 
tested on a series of 540 patterned form- 
discrimination problems. Two hundred and 
seventy pairs of stimuli varying in area and 
geometrical regularity were replicated so that 
the effect of learning could be evaluated. The 
results showed that discriminability was an 
increasing function of the area of the figure, 
and that monkeys made significantly fewer 
errors in discriminating between a regular 
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form and an irregular form than in discrimi- 
nating two regular or two irregular forms. 

Discrimination of two irregular forms was 
not significantly inferior to differentiation of 
two regular geometrical forms. No improve- 
ment in performance was noted in 90 days of 
testing. These results disagree with the 
implications of the theories of Hebb and 
Gestalt psychologists. 
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Seve - ; 
(1, 3, ne _ of discrimination learning 
eve a h ave indicated that when the posi- 
highly er goal boxes are identical, or 
than when ce the rate of learning is slower 
ferent. Th ese boxes are discriminably dif- 
has been e usual interpretation of this result 
secondary a i t rms of the generalization of 
ther, it is ein orcement between them. Fur- 
tion of se =o that if there is generaliza- 
tive goa can ary reinforcement from the posi- 
cue, learni ox to the positive choice-point 
absence ao will be more rapid than in the 
Seconda such generalization. Conversely, if 
negatives Papen generalizes to the 
slower th oice-point cue, learning will be 
tion, an in the absence of such generaliza- 

T 
hs leas assumptions are usually formu- 
lause oi. of secondary reinforcement, but 
Necessary ti = symmetry of the situation it is 
fralization b ostilare gE o: g 
the negativ etween goal boxes and between 
in terms A goal box and the choice-point cues 
retard ed cee oy inhibition. This should 
tive goal bee when it generalizes to the posi- 
cue, and eile to the positive choice-point 
izes to the cilitate learning when it general- 

he anre choice-point cue. 

© adequa nt experiment 1S designed to test 
this form nah of some of the implications of 
diuctminarton in a black-white brightness 
Influences 7 n, and to measure the relative 
ton Sacks these various types of generaliza- 
Val betwe s. Assuming & constant delay inter- 
oxes, flee the choice-point cues and the goa 
Control th eare essentially three variables that 
(a) the si ese various types of generalization: 

e a of the two goal boxes, 
Positive ch ty of the positive goal box and the 
thene rs a cue, and (c) the similarity 
Point ae ive goal box and the positive choice- 
larity aa If these are specified, then the sim- 

oint eed goal box and the negative choice- 

i s determined. The extremes of these 
Y taki be checked 
king all possible combinations in which the 
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positive choice-point cue is either black o 
white, the positive goal box is either black 
or white, and the negative goal box is either 
black or white. This factorial design calls for 
eight groups of animals. But to complete it 
a control group is essential for which there is 
complete generalization between goal boxes 
and between each goal box and the choice-point 
cues. The animals in this control group pre- 
sumably would have to learn the discrimina- 
tion on the basis of trace processes without 
any differential effect from either secondary 
reinforcement or conditioned inhibition. Thus, 
they would form a base line against which to 
compare the rate of learning in the other 
groups. This control can be achieved by hav- 
ing black-white choice-point cues and black- 
white goal boxes, but with a random pairing 
d choice-point cues on succes- 


of goal boxes an 
Js. This should result in complete gen- 


dary reinforcement and con- 


between eal e 
cue. This design is outlined in Table 1. 
heoretical analysis out- 


According t 
Į should learn most rapidly 


and the conditio: 
g cue. Group II should 
most slowly, ? at all; there is no gen- 
cee ; ] boxes, but all the 
da reinforcement enera 
ea j e and all the conditioned 
ice-point cue. The 


jon of secondary rein- 


f general ee 
amounts 0 © ned inhibition. Tf only 


an conditio’ t 
reinforcement generalizes or gen- 
ore strongly than conditioned in- 


ETA p JII should learn most 
then 

Bibien; Py most slowly, if at all, 

Conversely; if only con- 
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ditioned inhibition generalizes or generalizes 
more strongly than secondary reinforcement, 
the opposite order of the three groups would 
be expected. If both secondary reinforcement 
and conditioned inhibition tend to generalize 
to the same extent, little or no differentiation 
between groups would be expected. Thus, the 
rate at which these groups learn this bright- 
ness discrimination should be a rough index 
of the adequacy of the theory and of the rel- 
ative influences of these various types of gen- 
eralization. The failure to obtain these pre- 
dicted orders would indicate that the concepts 
of secondary reinforcement, conditioned in- 


TABLE 1 
Experimental Design 
E || MSE | Penaon Goat BOX 
la B B | W 
b Ww w | B 
Ila B Ww B 
b WwW B | w 
Illa B B B 
b W w w 
IVa B w w 
b Ww B B 
Va B [domiy | [ Randomly 
b Ww B or W W or B 


hibition, and their generalization are inade- 
quate as they now stand to account for the 
results. 


METHOD 


The Ss consisted of 50 albino rats, 23 males and 27 
females, ranging from 100 to 150 days of age at the 
beginning of the experiment. 

The simultaneous discrimination apparatus was 
modeled after one employed by Grice (3). It consisted 
of a starting box which opened, by means of a 2-in.- 
wide alley, into a V-shaped choice chamber, All these 
compartments were painted a mid-gray. Extending 
from the choice chamber were two parallel alleys, 4 in. 
wide and 4 in. deep. Each alley consisted of three sec- 
tions. The first part of each alley was the stimulus 
section (15 in. long), the second a neutral gray section 
(18 in. long), and the third a goal box (15 in. long). 
The stimuli consisted of two brightnesses obtained by 
painting one stimulus section white and the other 
black. These sections could be interchanged on suc- 
cessive trials. The goal boxes on any given trial were 
either both white, both black, or one white and one 


black, depending upon the group of animals being run. 
They could be interchanged on successive trials. Two 
inches from the entrance of each section in each alley 
there was a curtain the same color as that section. In 
addition, a gray curtain was hung 2 in. from the end of 
each gray section, so as to prevent S’s seeing the color 
of the goal box until it had reached it. Vertical sliding 
doors were located at the, entrance to each stimulus 
section and at the beginning and end of the gray sec- 
tions. The apparatus was covered with }4-in. wire 
mesh and illuminated by a 500-w. lamp 7 ft. above the 
stimulus sections. 

The animals were tamed and then habituated to a 
24-hr. feeding cycle by giving them 8 gm. of Purina 
Dog Chow at the same time each day for seven days. 
The following two days they were trained to eat small 
pieces of wet mash in a gray goal compartment, which 
was used only in this preliminary training. This adapta- 
tion training was continued until each animal would 
readily push under a gray curtain and immediately eat 
the available food. On each of the following two days, 
all animals were given 10 forced trials in the apparatus, 
with right-left and black-white choices balanced. Gray 
goal boxes were used. Each trial was rewarded. 

Following the preliminary training, the animals were 
divided randomly into ten groups of five Ss each, con- 
taining approximately equal numbers of males and 
females. All groups were trained on the black-white 
discrimination by exactly the same procedure. The 
groups differed only in the relationships that existed 
between the brightnesses of the goal boxes and the 
brightnesses of the positive and negative stimuli at the 
choice point. These different relationships for the ten 
groups are indicated in Table 1. 

All animals were given 10 trials per day at ap- 
proximately 10-min. intervals. A correction method 
was used. When an animal made the wrong choice, it 
was immediately taken out of the goal box and run 
again until the correct choice was made. Thus, 2 trial 
consisted of one correct choice. The position of the 
Positive cue on successive trials was RURRLLRLLR. 
For Group V, the goal-box and choice-point bright- 
nesses corresponded on trials 2, 3, 5, 8, and 10, i.e, 
both were black or both were white. They were of op- 
posite brightnesses on the remaining trials, i.e., one 
was black and the other white. As a control, new 
stimulus compartments were introduced during train- 
ing. All animals were trained to a criterion of 18 correct 
choices in 20 consecutive trials. Each animal was then 
given 40 additional trials to check on the reliability of 
the criterion and to ensure overlearning. At the end © 
the day’s run, each animal was given sufficient addi- 
tional food to bring the total up to 8 gm. 

Upon completion of this original learning, all animals 
were trained on the reversed discrimination, i.¢., the 
initially positive cue was made negative, and con- 
versely. It should be noted that this procedure results 
1n an interchange of the relationships between the goal 
and choice-point cues for Groups III and IV but not 
for the other groups. During this reversal training, # 
noncorrection method was used so that each trial con- 
sisted of one, and only one, choice. Otherwise the ap- 
paratus and procedure were unchanged. The criterion 
was again 18 correct out of 20 consecutive choices, Wi 
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20 additional postcriterion trials. If an animal had not 
reached this in 200 trials, it was returned to the cor- 
rection procedure. 


RESULTS 
_ The results of this experiment are presented 
ia two parts: (a) the data on original learning 
y the correction method, and (b) the data on 


the reversal learning by the noncorrection 
method, 


100 


° 
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The group means for trials to the criterion are 
given in Table 2. 

The statistical significance of these differ- 
ences was determined by assigning each animal 
a score that was the square root of the number 
of trials it required to reach the criterion of 18 
out of 20 correct jnitial choices, thus equating 
the variances within groups. The resulting an- 
alysis of variance involved two variables, the 
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Original Learning 
Se he learning curves for the five groups T° 
iv Sented in Figure 1. Group I shows the rela- 
y ely rapid learning to be expected from this 
S of pairing of choice point and goal boxes. 
Pilin, P II, on the other hand, shows 4? initial 
ers 8-up of errors as though learning the con 
to le discrimination, but from trial 20 on, ten is 
Th earn at about the same rate 45 Group $ 
a other three groups are indistinguishab e 
d show a gradual improvement that is slower 
an that of either of the other two groups. 
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significantly more rapidly than the remaining 
three groups (.05 level), and that these latter 
were indistinguishable. 

A similar analysis was made of the total 
runs required by each animal to reach the 
criterion. These means also are shown in Table 
2. In the correction method more than one 
run per trial is possible. Group I was again 
significantly better than any other group (01 
level), but Group II, even though its mean was 
slightly less than the means of the other three 
groups, was not significantly better than the 


rest. This discrepancy between the analysis 
TABLE 2 
Means at Various Stages of Learning 

ORIG. LEARNING OVER- | REVERSAL TRIALS 

GROUP —— arise F Ex- Re- 
Trials | Runs TRIALS | tinction learning 

Ia 14.6 | 26.8 0.8 | 41.4; 14.4 
b 30.0 | 47.6 1.6 | 38:4) 32.4 
aver. | 22.3 | 37.2 12 | 39.9! 23.4 
Ila 56.2 | 115.6 2.2 | 84.8 24.2 
b 37.2 | 92.2} 3.4 | 83.21 16.4 
aver. | 46.7 | 103.9 2.8 84.0 | 20.3 
Ila 53.2 |, 97.2 3.8 76.8 | 68.8 
b 81.8 | 143.4 4.0 89.8 | 49.8 
aver. | 67.5 | 120.3 3.9 | Si 59.3 
IVa | 82.0| 135.2; 4.2 | 72.6 | 139.0 
b | 65.6 | 119.0 3.2 64.6 | 108.2 
aver. | 73.8 | 127.1} 3.7 | 68.6 | 123.6 

| | | 

Va | 58.2 | 99.4 4.0 118.2 | 141.0 
b 90.2 | 158.8 | 3.2 | 103.0! 62.2 
aver. | 74.2 | 129.1 I 3326 110.6 | 101.6 


of total runs and total trials (as herein defined) 
indicates that in terms of number of reinforce- 
ments required, Group II was significantly 
better than the remaining three groups, but 
that this group tended to make more repetitive 
errors on a given trial than did „the other 
groups, thus canceling out any distinction be- 
tween them in terms of total runs. 

This tendency toward repetitive errors by 
Group II occurred most strongly in the first 
20 trials. Thereafter the reduction 1n repetitive 
errors of this group was as rapid as of Group I. 
During the first 20 trials, Group II animals 
appeared to be learning the opposite discrim- 
ination from the one assigned them. This im- 
pression was confirmed by computing the mean 
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number of error trials for this group during 
these 20 trials and, by means of a / test, com- 
paring it with chance expectancy. The result 
was a f value significant at the .01 level, indi- 
cating that more than a chance number of 
initial error choices were made during this 
period. Once this tendency to make the wrong 
discrimination was extinguished, however, the 
rate of learning in this group was not too dif- 
ferent from that of Group I. 

All groups in this experiment were run for 
40 trials beyond the criterion to determine the 


TABLE 3 
Analyses of Variances 
RE- 
PACTORS dj paoman LEARNING bt 
|TINCTION: 
Preference | 
+C.P (B vs. W) 1 | 0.50 1.45 .001 
+G.B (B vs. W) 1 |22.82ł |23.06* | .003 
—G.B (B vs. W) 1! 0.01 | 0.12 | -003 
Generalization 
+C.P+G.B | 1 14.56f [46.274 | -456t 
(S vs. D) | : 
+C.P—G.B | 1| 8.33" |38.o5¢ | .141* 
(S vs. D) 
+G.B—G.B 1 65.36} \80.34t | .102 
(S vs. D) 
Triple Interaction | 1) 0.05 | 0.14 .006 
Error | 32 | 1.99 | 3.37 .028 


Note.—These analyses are based on transformed scores in 
order to achieve homogeneity of variance. Square roots of the 
indicated values were used on the original learning data, logarithms 
on the reversal data. The relearning data for the reversed discrimi- 
nation are not included because of the change in procedure from 
noncorrection to correction training after the two hundredth trial. 

2 Significant at the .05 confidence level. 

f Significant at the .01 confidence level. 


level of accuracy they could maintain. The 
mean error trials during these runs are shown 
in Table 2. An analysis of variance and ¢ tests 
similar to the previous ones were computed for 
these data. All groups maintained better than 
a 90 per cent level of accuracy, but Group I 
was significantly better than Groups III, IV, 
and V (.01 level), these latter being indis- 
tinguishable. Group II was midway between 
Group I and the others but not significantly 
different from either. Thus, Group II not only 
tended to learn slightly more rapidly than 
Groups III, IV, and V, but also tended to 
maintain a higher level of accuracy on this 
discrimination during overlearning. 
Additional insight into the factors control- 
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Soc red, the experimental design involves 
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ox in contrast to white at the positive goal 
iene the specific brightness of the 
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a measurable influence 0? the ph o 
tion rE In both analyses, all three general el 
hific actors (first-order interactions) Were sig- 
in ant, thesimilarity betwee? goal boxes tend- 

8 to be somewhat more important than the 
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other two in each case. The main difference 
between the two analyses was in the greater 
relative weight given to the generalization be- 
tween negative goal box and positive choice- 
point cue when total runs were considered 
as would be expected from the inclusion of 
repetitive errors in the latter measure. This 
analysis of total runs tended to give equal 
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n fewer than ten animals. All animals reaching 


generalization 


ght to the amount of gener 
ice-point cues. 


ive Wel 
Sa either goal pox to the cho’ 
Reversal Learning -$ 
nimal had reached the criterion 
ning and had an additional 40 

was given the reversed 
ination using 4 noncorrection 
` The learning curves for 
method for 200 tria- tion are shown a 


Groups I and II again learned most rapidly 
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whereas Group V appeared to learn most 
slowly. All animals in Groups I and II reached 
the criterion during the first 200 noncorrection 
trials, nine animals in Group III did so, whereas 
only five animals in Groups IV and V reached 
this level. Because of the change in training 
procedure at trial 200 (use of a correction in 
place of the noncorrection method), a statis- 
tical comparison of these differences cannot 
be based on an analysis of variance of trials 
to criterion. However, pairs of groups can be 
contrasted by using Festinger’s rank-order test 
(2). This test indicated that Group I was sig- 
nificantly better than each of the other groups 
(01 level), that Group II was significantly 
better than Groups IV and V (.01 level) and 
somewhat better than Group III (.05 level, 
approximately). The only other significant dif- 
ference indicated that Group III was superior 
to Group V (.05 level). 

A more meaningful analysis of these data 
results if the total runs to the criterion for each 
animal are divided into two parts: (a) trials 
required to “extinguish” the original discrim- 
ination, and (b) trials required to learn the 
reversed discrimination. Consequently, for each 
animal the 20 consecutive trials during which 
it first made 10 or more correct responses to 
the reversed discrimination was determined. 
The mid-point of this interval was taken as 
the 50 per cent or chance level of preference 
for the two choice-point cues. The number of 
trials to this point were considered to be “ex- 
tinction” trials of the original discrimination, 
All runs beyond this, whether by the correction 
or noncorrection method of training, were con- 
sidered to be learning trials on the reversed 
discrimination. 

The mean number of “extinction” trials for 
each group is shown in Table 2. The order of 
groups in terms of rapidity of extinction was 
I, IV, III, II, and V. Group I extinguished 
significantly faster (.01 level) than any of the 
other groups and Group IV significantly faster 
than Group V (.01 level). The other differences 

are not significant. A factorial analysis of the 
scores for the first four groups, shown in Table 
3, indicated that only the similarity between 
the new positive goal box and the new positive 
choice-point cue, and possibly the similarity of 
the new negative goal box and the positive 
choice-point cue, had any significant influence 
on the rate of extinction. Similarity between 


the goal boxes or preferences for a given bright- 
ness was not of differential influence. 

The mean number of runs required by each 
group to go from the 50 per cent point to the 
criterion of learning on the reversed discrimi- 
nation also is shown in Table 2. The means 
for Groups IV and V are considerably under- 
estimated. Five animals in each of these groups 
had to be returned to the correction procedure 
before reaching the criterion, and this is prob- 
ably a more efficient method of training than 
the noncorrection method used on the other 
groups. Despite this underestimation, Groups 
I and II, while not significantly different, were 
each better than any of the other groups (.01 
level). Group III was not significantly better 
than either IV or V (p < .10). The main dif- 
ferences between these results and similar ones 
for the original learning were (a) the obvious 
equality of Groups I and II, (b) the fact that 
Group III, which now had both goal boxes 
similar to the negative choice-point cue, was 
Somewhat better, though not significantly, than 
either IV or V, and (c) Group IV, which now 
had both goal boxes similar to the positive 
choice-point cue, was slightly though not sig- 
nificantly poorer than the control group. In 
the original learning these three groups were 
indistinguishable. These differences on the re- 
versal learning were primarily a function of 
the strength of the tendency to revert to posi- 
tion habits; Groups I and II showed little if 
any such tendency, but it was very marked 
in Groups IV and V and of an intermediate 
degree in Group ITI. 


DISCUSSION 


The results for original learning indicate 
that Group I (normal group) learns this dis- 
crimination at a rate comparable to that ob- 
tained Previously by Grice (3) even though 
the training method is somewhat different. 
In the case of Group I the rapid learning an 
Teversal can be accounted for by the lack 0 
generalization between goal boxes and maxi- 
mal generalization between each goal box and 
the appropriate choice-point cue. In the case 
of Group V, it must be assumed that the orig- 
inal learning was largely in terms of a visual 
trace process, as generalization was sy™- 
metrical between goal boxes and between each 
goal box and the two choice-point cues. The 
slowness of “extinction” in this group empha- 
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Only the first factor differenti: 
during the 40 trials of E A 
pee two reached significance during ‘‘ex- 
The one additional factor of interest in these 
analyses is the lack of any brightness preference 
except for the positive goal box. In each of the 
four major Groups I to IV, that subgroup hav- 
ing a black positive goal box learned more 
rapidly on the original discrimination than did 
its corresponding subgroup having a white goal 
box, irrespective of the brightness of the choice- 
point or negative goal-box cue. During extinc- 
tion of the original discrimination and the 
learning of the reversed discrimination, this 
factor no longer gave differential results. The 
implication is seemingly that a preference of 
this sort is activated primarily in the presence 
of positive reinforcement. The failure of the 
brightness preference to manifest itself at the 
choice point or in the negative goal box indi- 
cates that it does not operate automatically but 
only when activated by the reward. The fact 
that it is no longer operating to & measurable 
40 overlearning trials or 


degree during the 
during extinction and reversal suggests that 
js in the early stages of learning, 


t is equalized. 


The most intriguing Te 
ment is the performance of 


sult of this experi- 
Group II, the one 
hip between the 


oal-box and choice-point brightnesses. Ini- 
tially, these anm ed to learn the wrong 
discrimination, 
of the concepts discuss 
first 20 trials this 
the Group I animals. 

imi ined on the 
Se y tbe noncorrection method, they 
as Group I animals (once 
jmination was 
idly than 


complete) and 
the other goie anation of this behavior is 


atii 

Rey: jnitial trials these animals 
established discrimination between the 
choice-poln esand the goal-box brightnesses. 
Once this discrimination was established, then 

eneralization between goal boxes and choice- 
point cues disappeatee- Consequently, later 
learning W t confused by this factor as it 
was in Grou 1, IV, and V. But in granting 
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that such a discrimination was established, two 
additional problems are raised. First of all, it 
is not clear, at least to the present authors, 
that a discrimination of this sort fits the usual 
paradigm of learning, i.e., in what sense positive 
or negative habits to these two sets of cues 
can be established or maintained under these 
training conditions. Secondly, and more im- 
portantly, even if such a discrimination existed, 
it is not apparent why Group II should have 
learned about as rapidly as Group I when all 
the generalization factors presumably favored 
rapid learning in the latter group and were 
excluded by the discrimination in the former. 
Rather, it would be anticipated that Group IT 
would have to learn largely on the basis of 
visual trace processes and, therefore, would be 
no more rapid than Group V. 

One possible explanation of this second prob- 
lem is in terms of the “acquired distinctiveness 
of cues” (4, 5). During the first 20 trials the 
Group II animals did learn a black-white dis- 
crimination at the goal boxes which trans- 
ferred to the choice point, as exemplified by 
the significant number of errors made in the 
early trials. In part because of the correction 
procedure used, these animals seemingly built 
up strong “emotional” reactions to the nega- 
tive goal box as indicated by biting, refusal 
to enter for long periods, etc., whenever they 
made an error. This was not true of Groups 
IH, IV, and V. Consequently, it is possible 
that after the establishment of the discrimina- 
tion between choice-point cues and goal boxes, 
this tendency to react specifically and strongly 
to the black-white dimension at the choice 
point, as the dominant cue in the situation, 
remained. If so, any trace process based on 
brightness which was aroused in these animals 
would be much more “distinctive” than com- 
parable traces in any of the other animals, 
This would facilitate learning. 


SUMMARY 


A factorial-design experiment was devised 
to test the relative influences on the rate of 
discrimination learning of the generalization of 
secondary reinforcement and of conditioned 
inhibition between goal boxes and from goal 
boxes to choice-point cues. This was accom- 
plished by taking all possible combinations ip 
which the positive choice-point cue was either 
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black or white, the positive goal box was either 
black or white, and the negative goal box was 
either black or white. A control group in which 
there was complete generalization between goal 
boxes and between each goal box and choice- 
point cue was obtained by having the positive 
goal box half the time white, half the time 
black, and similarly for the negative goal box. 
Fifty animals, five to a group, first learned this 
problem and then the reversed discrimination. 

During the original learning it appeared that 
the generalization of secondary reinforcement 
and of conditioned inhibition were equally ef- 
fective in determining the rate of learning. 
But on the reversed discrimination the role of 
conditioned inhibition proved to be the more 
influential of the two. The interpretation of 
this result is complicated by the previous ex- 
perience of the various groups. 

The rapid learning, both initially and during 
reversal, of the animals having black as a posi- 
tive cue, but a white positive goal box, and 
white as a negative cue, but a black negative 
goal box, raises problems for the usual inter- 
pretation of discrimination learning. One pos- 
sible explanation is in terms of a discrimination 
set up between choice-point cues and goal-box 
brightnesses which effectively prevented gen- 
eralization between the two But this must be 
supplemented by the assumption that the 
choice-point cues had “acquired distinctive- 
ness” as the result of previous experience. 
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New York University? 


E transfer, the influence of pre- 
forat Sora with one eye on current per- 
cone de the contralateral eye, is of par- 
the venria pee to psychologists because of 
of E o this phenomenon upon theories 
Tk ike bind the central nervous system. 

sit the mags A there is complete decussation 
all the aoe me ey so that as far as we know, 
SN avea So the optic tract from the right 
ive] ne with the left tectum, and 
in ei or the left eye. Thus, there are 
a cae n specific neuronal pathways whereby 
ines Be on one retina might cause the ipsi- 
With as ee area to be stimulated. Theories 
E Jebb’s (2) postulate that interocular 
ne S i the bird and in animals with simi- 
taut bees connections, is due to 
began, okt hn: before the experiment 
cal the 1c ate pave established hypotheti- 
Seguente ai ral pathways” called “phase 
Seuionees t is postulated that these phase 
Es, ase connect the two tecta and are the 
which er which any later visual transfer 
this it f aoe may take place. From 
birds rb cee „that interocular transfer in 
visual fo re without specific experience in 
Broth nc definition and thus lacking the 
ionen bon phase sequences would be 
the other “ts to explain by this theory. On 
ünder the and, failure to demonstrate transfer 
theories z eer would tend to confirm 
Perceptual as Hebb s theory and to infirm 
such theories of the “geld” variety, 
as Lashley’s theory. This latter theory 
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Rel h in Human 


paame a acl oe 
: at previous 
involvement of the specific cortical substrate 
is not a necessary prerequisite for transfer of 
visual training. 

Transfer of a brightness discrimination in 
the chick has been previously demonstrated 
by Köhler (3), while Bingham (1) found that 
transfer of a form discrimination in the chick is 
doubtful. Levine (4) concluded that transfer 
of an experimentally established form dis- 
crimination occurred in the pigeon when the 
upper temporal retina was stimulated in 
training and test sessions, but not when the 
lower hemiretina was stimulated. However, 
these experiments do not necessarily provide 
support for the theory of ‘inbuilt equipo- 
tentiality.” The Ss used in all these experi- 


ments had previous visual experience in which 
both eyes performed part or whole of similar 
or analogous tasks. Thus, as suggested by 
Hebb (2), the previous visual experience may 
have established hypothetical phase se- 
quences which may have been the basis for 


the transfer and equipotentiality shown. 
If ring d ng been reared 


fter havit 
through life in as to prevent 
all visual form which therefore 


lack the hypotheti 
demonstrated transfer of tr 


dict no transfer 
while the theory of 
«2 would predict im- 
r. Both theories, 


“inbuilt equiP 

mediate (100 per 

as interpreted by the present author, would 
predict immediat 100 per cent) transfer in 
eared birds trained and tested for 


of perceptual-motor training. 
METHOD 
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Ss, as well as the apparatus, has been previously 
described (5, 6). In brief, the procedure consisted of 
first rearing the experimental birds from before the 
opening of their eyes to time of training under con- 
ditions which allowed their retinas to be stimulated by 
brightness differences (“hood rearing”), but which 
prevented perception of visual form. Preliminary agi 
ing to jump from a perch of variable height to the 
horizontal was then given. Then monocular training 
was given on a circle versus triangle discrimination to 
a criterion of nine out of ten correct consecutive jumps 
to the positive stimulus. Immediately before this 
specific visual training, an opening was made in the 
hood of the experimental birds so that images of 
external stimuli would impinge only on one upper 


TABLE 1 
Experimental Conditions and Direct Comparisons of 
Training (T;), Testing (T:), and Supplementary 
Testing (T+) Scores for Each Group < 


EYE (or %o | % 
cxours Joe] 229) | at | oun] PAS | mths 
ERED Ti-T: | TrTs 
Hood-reared | 
Group A| Tı | RI* {123.5} 14.2 
Tr rE | 89.6] 18.7} 30 | 98 
T: | RI 12.0) 1.4 | 
Group B| T; | rL 127.6] 18.5 
T: | RI 99,3) 16.5] 24 60 
Ta | RL | 45.6} 9.2 \ 
Group C| T, | RI |119.3) 34.5 
Ts | RL | 57.1] 23.8) 56 88 
Ts | RI | 16.0} 2.7 
Group D| Tı | R1 |127.1] 25.7] 93 — 
Ta | RI {| 18.2) 6.3 
Normally | | 
reared j | 
Group E| T, | RI ! 72.3] 13.4] 98 — 
Tz | rL IUO 1.1 
Group F. T, | RI | 83.1) 16.3} 99 | — 
| T| RL | 11.0] 1.4 | 


“* Right eye half-covered; left eye completely covered, 


hemiretina. As a further control over the retinal area 
stimulated, the stimuli to be discriminated were placed 
subrostrally. Hence, when the terms “uncovered eye” 
or “eye” are used in this paper, it should be kept 
in mind that images were confined to the upper hemi- 
retina. A modified Lashley-type jumping stand was 
used as apparatus. When a bird reached the criterion 
of learning, the test session was begun at once. During 
the test session, the opening around the eye which 
served as afferent avenue of experience in training was 
covered with masking tape, and a window was made 
for the contralateral eye.’ The bird was then tested, as 
before, as to its ability to reach the criterion under the 
new conditions. 


3 For one group of birds trained through a single eye 
and tested using both eyes, the opening in front of the- 
eye used during training was, of course, not covered 
with tape. 
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After reaching the criterion in the test session, birds 
in certain groups were given additional tests which 
involved either the use of the eye uncovered in the 
original training, or of both eyes at the same time. This 
supplementary testing was performed in the same 
manner and to the same criterion as was the original 
training. 

Three randomly chosen hood-reared birds and three 
randomly chosen controls were given opthalmoscopic 
examination and were tested for visual acuity.‘ 

Twenty-four hood-reared birds were randomly 
divided into four experimental groups of six each 
(Groups A, B, C, D). Twelve normally reared birds 
were randomly divided into two control groups of six 
each (Groups E and F). The control birds were treated 
in exactly the same manner, except for the method of 
rearing, as were the experimental animals. The eye(s) 
used during the training, testing, and supplementary 
testing periods for each group is shown in Table 1. 


TABLE 2 
Percentage Transfer, /’s*, and p Level between Groups 
Tested Using Same Eye but with 

Differing Pretraining 


| GROUP COMPARISONS 
Group, (R, L eye used in t $ 


% TRANSFER 
training) 


A |Train using R, 


| 
| 3.22 | .05 32 
B then L vs. train | 


(Group A) 
using L only 


B | Train using L, | 2.51 | .05 30 

A then R vs. train (Group B) 
using R only 

C | Train using R, | 4.48 | .01 60 

D then both vs. | (Group ©) 
train using R | i 
only | \ 


* Ps calculated using Cochran's method; df = 5. 


RESULTS 


The means and sigmas for each group iN 
each condition are presented in Table 1. 

Intragroup comparisons of training scores, 
test scores, and supplementary test scores 
were first made. This type of treatment de- 
pends upon the correctness of the assumptio? 
that the three experimental conditions were 
essentially of equal difficulty for the birds- 
The data so calculated are presented in Table 1. 

Comparison of the means of the hood-reareé 
groups in the original training indicates n° 
significant differences between them. Th 
Suggests that the groups were equal in initia 
ability. Therefore, an additional test fot 


‘Drs. H. L. Teuber, S. Weinstein, and Josephine 
Semmes kindly performed the opthalmoscopic exami 
tion of the birds. 
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VISUAL DEPRIVATION IN THE RING DOVE 


transfer m . 
reesei ay be made according to the general 


p X: Train on Z — Train on P 
roup Y: — Train on P 


re the groups have been treated alike 
N oie any difference between the 
nea may be attributable to the training 
ihe e owing this paradigm, transfer from 
Fs a ht eye to the left eye, from the left eye 
biie right eye, and from the right eye to 
an yes was measured. The resulting data 
a aera in Table 2. 

ee. and 2 both indicate incomplete 
eb r E training to testing sessions for 
“ned -reared birds. Under identical ex- 
bird ental conditions the normally reared 

s showed almost complete transfer. More- 


SI TABLE 3 
“a ts, and Percentage Transfer between Sup- 
plementary Testing Sessions for Groups 
Trained and Tested with Same Eye 
but Differing Intermediate Training 


COMPARISON t $ e 

T oe Ss 
toup A vs. Group D 4.39 | .01 76 
1.66 | .156 27 


Group C vs. Group D 


te complete | transfer was not shown to 

binds yeas situation after the hood-reared 

=e ad learned the discrimination using 
T ye individually. 

Sa for transfer of training from the test 

may b to the supplementary-test session 
ea made according to the general para- 


G s 
roup X: Train on P—Train on Q—Train 


on P’ 
roup Y: Train on P—rest—Train on P’ 


aee difference between the two groups on 
at test, P’, is a measure of the transfer 
Da ibutable to the training on Q. The data 

esented in Table 3 are derived from this 


Mm 
ethod of treatment. 


DISCUSSION 
r of training, intragroup 


Tn testing for transfe 
(Table 1). In no 


Co; e 

Mparisons were first made 

ie did any hood-reared group show as much 
nsfer from the training session to the test 


oe l 


session as did the normally r 
30 per cent transfer was eae ae A 
(hood-reared) from the right eye to A 
eye, and a 24 per cent transfer from the left 
eye to the right eye was shown by Group B 
(hood-reared). Transfer of 56 per cent sane 
tained in Group C from a training condition 
with one eye exposed, to a testing condition 
in which both eyes were exposed. This was the 
maximum amount of transfer shown for any 
of the hood-reared groups. Under identical 
experimental conditions nearly 100 per cent 
transfer was obtained from the normally 
reared groups. 
Transfer was 
birds first trained using t! 
their right eyes, when 
used simultaneously. 
Table 2, derived from an alternative method 
of treating the data, is in substantial agreement 


with the above interpretation. 

Perhaps the best test of the transfer from 
the initial testing condition to the supple- 
mentary testing condition is the paradigm 
from which Table 3 was derived. This treat- 


ment allowed an experimental isolation of the 
factor of transfer attributable to the testing 
sessions, since the birds of each group reached 
the same criterion in the initial training. Treat- 
ment of the data from the hood-reared birds 
in accordance with this design indicated a 
transfer of m the testing condi- 
tion with the left eye to the supplementary 
testing condition with the contralateral eye. 
The transfer shown from the testing condition 
sed to the supple- 


in which both eyes were used ~. 
ting condition with just one eye 


very incomplete in hood-reared 
heir left eyes and next 
both eyes were then 


y ically significant. 
was not Sty 100 $ =a transfer found here 
irds could have been 
the perceptual theories of Hebb 
. The results of partial transfer 
the hood-reared birds could not 
either of these 
is made here that 


ntended to hold at this 


theories. 
these theory 
ic leve! 
o a continuance of the complete 
decussation at the optic chiasma to the tectum, 
it seems that from Hebb’s theory we could have 
ever for the hood- 


predicted no transfer what 
reared birds, ere is no way for the 


since thi 
hypothetical ral pathways (phase 


jntracereb’ 
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sequences) necessary for identification of the 
positive stimuli to have been established by 
experience. We are nevertheless clearly in- 
debted to Hebb, since his prediction was an 
important factor in the development of this 
investigation. On the other hand, from the 
perceptual theory of Lashley, a complete 
transfer in the hood-reared birds would have 
been predicted. This theory does not postulate 
any experiential involvement of the specific 
cortical substrate as a necessary condition 
for transfer of training. 

Also, it would appear that neither Lashley’s 
perceptual theory nor Hebb’s phase-sequence 
theory would predict a failure of transfer to 
the binocular situation after the experimental 
birds had reached the criterion of learning 
using each eye individually. 

The most economical interpretation seems 
to be the following: The contrast between an 
almost 100 per cent transfer from a single eye 
to the contralateral eye in our normally reared 
groups and no more than 32 per cent transfer 
in the hood-reared groups under equivalent 
test conditions suggests the involvement of 
differences in perceptual-motor experience 
between the two groups. Alternative explana- 
tions in terms of: (a) differences in visual 
acuity between the normally and hood-reared 
birds, (b) chemical changes in the fluid media 
of the eyes of the hood-reared birds or changes 
in retinal photochemistry, as well as retinal 
and central nervous degeneration in these 
birds, (c) some other structural deficit result- 
ing from the diminished “life style” imposed 
by hood-rearing, (d) differential effectiveness of 
the pretraining for the hood-reared and nor- 
mally reared birds, (e) qualitative differences 
between the effectiveness of the reward for 
the normally reared and hood-reared groups 
have been previously discussed and rejected 
by the present author (5, 6). 


SUMMARY 


An experiment was performed which investi- 
gated capacity for transfer of training from 
an eye uncovered during training to an eye 
covered in training and to both eyes, using as 
Ss ring doves reared throughout life without 
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specific visual form definition. Control groups 
of normally reared birds were utilized. All 
groups were first monocularly trained to reach 
a criterion of nine out of ten correct, consecu- 
tive jumps to the positive stimulus in a modi- 
fied Lashley-type jumping apparatus. Tests 
for transfer to the contralateral eye or to both 
eyes were then made. Following this, sup- 
plementary testing of the eye used in the 
original training, or of both eyes functioning 
simultaneously, was then made. The following 
conclusions seem indicated: 

1. Normally reared ring doves showed 
immediate transfer of a circle versus triangle 
discrimination from an eye used in training to 
an eye which was covered in training. 

2. Ring doves reared without specific visual 
form discrimination (hood-reared) did not 
show immediate (100 per cent) transfer from 
an eye used in training to an eye which was 
covered in training. They did, however, show 
partial transfer in this situation. ; 

3. More transfer (but not 100 per cent 
transfer) was seen in ring doves reared without 
specific visual form definition and trained on 4 
circle versus triangle discrimination from a 
single eye to both eyes functioning simul- 
taneously than was seen from a single eye tO 
a contralateral eye. 

4. Neither of the formal theories here Con- 
sidered would have predicted all these findings 
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A : ‘ 
by ena of avoidance behavior offered 
of all aceon a) emphasizes three aspects 
cedus @) T avoidance conditioning pro- 
is ae 4 he avoidance response (Ras) 
() All Doses: with the noxious stimulus. 
Wikiucin ao behavior is capable of 
Stieniire g the noxious stimulus and acquiring 
when it ins an (c) Rav is strengthened 
ny ai rminates exteroceptive stimulation 
Become casa ie behavior which has 
noxious as through pairings with the 
one sie importance of escape from non- 
ne he behavior has been brought out in a 
knal a pae which did not utilize a warning 

— BE 6). In these experiments, however, 
Te Feo ers to preventing the onset of the 
it did a stimulus, terminated the latter when 
elimina ee Even this source of strength was 
which ne in an experiment by the writer in 
tke E signal was presented, and 
of R. ee duration was independent 
pitaenintios a procedure consisted of the 
tétvals she a brief „shock at selected in- 
scan , the provision that any occur- 
tidkencia av delayed the shock. No other con- 
salate between Ra and exteroceptive 
which ae were involved. The only event 
was the uld have signalized the onset of shock 
which Pa of nonavoidance behavior 
and the t previously been paired with shock, 
ably pro compte of this behavior presum- 

Tt “oid ed the reinforcement for Ra- | 
with he, n that continued conditioning 
ance Pty: ove procedure produced an avoid- 
day. Th which remained stable from day to 
investi e present experiment was designed to 

igate the effects of two temporal vari- 


1 Thi a 
is paper is a portion of a dissertation submitted 
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Pa 
De fulfillment of the requirements for the degree 
or of Philosophy in the Faculty of Pure Science, 
indebted to Pro- 


olumbi 3 
oa ae niversity The writer is 1 
eir co William N. Schoenfeld and Fred S. Keller for 
ica ae suggestions during the course of this 
2N a 
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ables upon the maintenance of this steady 


rate. 
The independent variables are the durations 


of the response-shock (R-S) and shock-shock 
(S-S) intervals. The R-S interval is the period 
by which each Ra delays the shock, or the 
minimum interval after which a shock can 
occur following Res: The S-S interval is the 
time lapse between two consecutive shocks if 
no Re occurs between them. 

On the basis of the three procedural features 
noted above, certain predictions concerning 
the effects of these temporal variables are 
possible. These will be discussed in conjunc- 


tion with the results presented below. 


METHOD 
Apparatus 
Bar pressing Was selected as the avoidance response. 
_longand 546 in. indiameter, protruded 


imately 9 gm. of force was 
ssion of 3¢ in. 
ich activated the recording 
The experimental boxes, 

floor area of 104 by 8 
1114 in. The floor was a grid 


vas 414 in. al ove the 

jumping resp 
astic slop 
in. abo 


each experimental sess! ee 
e k was 

The sh an 88 tep-uP transformer, and was 

eae 5 0,000-ohm resistance 10 series 

Me user,” which rapidly al- 


ng each grid rod, 


e circuit supplyi z 
eive a pulsating 


temata oe pals would rec! 5 
hock regardless ol which rods they were standing on. 
ae Saito apparatus, a system of relays, timers, an 
sated circuit at ents | cated in the experimental 
associate d not pr cues for thi occurrence of the 
room, did no Pi jd not occur in any consistent 
e beot jation the shock- Timers were calibrated 
tempore et De fore each experimental session. iios 
tion was constant during and between experimenta: 
sessions. 
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Procedure 
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Subjects 


Subjects were three male Wistar rats. At the start 
of experimentation, Ss 40 and 41 were 275 days old, 
and S 46 was 230 days. At the end of experimentation 
Rat 40 was 553 days, Rat 41 was 607 days, and Rat 46 
was 448 days old. The majority of experimental 
sessions, each 3 hr. long, occurred on successive days, 


uJ 


O 10 20 30 


50 


R-S iNTERVAL--SEG. 


Fic. 14. Rate of avoidance responding by Rat 46, 
shock interval as a parameter 


the animals being run at the same time every day, one 
animal at a time. Each rat was given several pre- 
liminary sessions at different shock schedules to ensure 
that the rate of avoidance responding was stable before 
recording experimental data. 


The temporal relations involved were the following: 
shocks were presented at regular intervals as long as no 


bar-pressing response was emitted. Any occurrence ofa 
bar press, however, delayed the appearance of the next 
shock for a specified interval after the response. The 
time between successive shocks if no bar press occurred 
is the shock-shock (S-S) interval; the interval by 
which each response delayed the shock is the response- 
shock (R-S) interval. For example, on a shock schedule 


S-S INTERVALS 
Asa 2.5 SEC. 


o—o 5.0 SEC. 


Ettu 10.0 SEC. 
v—*v 15.0 SEC. 
e—* 30.0 SEC. 


90 150 


» Plotted against the response-shock interval, with the shock- 


of S-S = 15, R-S = 30 sec., shocks occurred every 
15 sec. un y 


less a bar-pressing response was emitt 


very bar press delayed the shock for a period of 30 
Sec. from the response. If a bar press occurred, €87 
10 sec. after one shock, the next shock would appe?" 
30 sec. after that response, the interval between ns 
two shocks being 40 sec. Additional responses woul 
delay the second shock still further. In this example 4 
minimum interval of 30 sec. is assured between b3 
depression and shock. Only the initial bar depressio” 


bar 
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animal in a different order. Of the 138 experimental 
points comprising the curves, 5 were determined a 
second time, the second value being utilized in the 
accompanying data. These few points were rede- 
termined because they were originally so far out of 
line that their validity was extremely doubtful. In all 
cases the second value was consistent with the remain- 
ing points on the curves. 

Each animal was run on a given schedule until a 
steady rate was maintained. The criterion of steadiness 
required, before changing from one schedule to another, 
was a difference in rate not greater than 0.1 responses 


RESPONSES PER MINUTE 


IO 2030 509 


R-S INTERVAL-- 


Fic. 1C. Rate of avoidance respondin 
shock interval as a parameter 


per minute between any two out of three consecutive 
sessions. Only the third hour of each 3-hr. experimental 
period was used in measuring these rates. Response 
rates presented below are those prevailing during each 
criterion period. 

One reason for discarding the responses of the first 
2 hr. was that the length of the “warm-up” period 


3 The order of presentation of the shock schedules is 
contained in Table 1, which has been deposited with 
the American Documentation Institute. To obtain 
this table and Table 2, order Document 4017 from 
ADI Auxiliary Publications Project, Photoduplication 
Service, % Library of Congress, Washington 25, D. Eis 
remitting $1.25 for microfilm or $1.25 for photocopies. 
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usually observed at the start of each session appeared 
to be a function of the current schedule. Inclusion of 
this period would have influenced the average rate 
differentially at each shock schedule. Second, in 
changing from a schedule at which a low rate prevailed 
to one which gave a high rate, and vice versa, the rate 
adjustment was often complete by the third hour of 
the new schedule. By utilizing only the responses in 
the third hour, it became possible to meet the criterion 
of a steady rate within the first two sessions of a given 
schedule. The time saving accomplished by this pro- 
cedure was considerable, 


S-S INTERVALS 
AsesA 25 SEC. 
&— 10.0 SEC. 
o—° 20.0 SEC. 
2--o0 30.0 SEC. 
®— 50.0 SEC. 
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RESULTS 

_ Data relating avoidance rate and R-S 
interval are plotted in Figures 1A, 1B, and 1C. 
Only enough of the tabulated rates have been 
Plotted to illustrate the general trends.‘ That 
each S yielded replicative functions with re- 
Spect to the shapes of the curves can be sce? 
by inspection and is more precisely demor- 
strated below. Neither the sequences employ 

for Presenting the intervals nor the increasing 


* Tables of the 


complete data may be obtained from 
the author, 
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method of averages to a logarithmic trans- 
formation of the hyperbolic equation, 


R= R, 


where R is the rate of avoidance responding, 
t is the R-S interval, and a, b, and k are con- 
stants. The constant k is specific to the or- 
ganism and independent of the temporal 
parameters. To obtain separation, the curves 
have been displaced upward on the ordinate 
by the indicated number of log units. These 
curves indicate clearly that the S-S interval 
plays no part in determining the skape of the 
rate vs. R-S function to the right of the 
maximum. It may be noted that the zero S-S- 
interval curve (Rat 41) is of the same shape 
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Fic. 3. Response-shock interval at which the maxi- 
mum rate occurs in each rate vs. response-shock interval 
function for the three animals 


as the others, even though the zero i 
equivalent to continuous shock, actually 
provides an escape situation. Bar pressing 
provides for both avoidance of and escape 
from the noxious stimulus, but the curve is of 
the same form as the curves which appear to 
involve only avoidance. 

Unfortunately, not enough curves could be 
obtained to provide an unambiguous pitture 
of the relation between the S-S interval and 
the constants a and b, though it does appear 
probable that b remains relatively constant 
over a wide range of S-S values. 

The influence of the S-S interval upon the 
functions of Figure 1 shows up most clearly 
at and to the left of the maxima. Although the 
latter portions of the curves contain too few 
points to permit a satisfactory mathematical 
description, certain consistent characteristics 
may be noted. In each curve there appears to 


nterval, 


be an R-S interval below which avoidance 
responding is completely eliminated. Between 
this interval and the maximum there is a 
rapid increase in rate. The range of R-S 
intervals over which the avoidance response 
is eliminated increases with the S-S interval. 
Also, as the S-S interval increases, the rise 
in rate up to the maximum is more gradual. 
For example, consider the 10-sec. S-S curve 
of Figure 1C. Ra is completely eliminated at 
intervals of zero to approximately 7 sec. The 
rise to the maximum occupies the intervals 
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Fic. 4. Maximum rate on each rate vs. response- 


shock interval function for the three animals, plotte 
against the shock-shock interval 


from 7 to 15 sec., a range of 8 sec. In the 50-sec- 
S-S curve, however, the response is eliminate 
at intervals of zero to approximately 15 se¢ 
while the rise to the maximum occupies the 
intervals from 15 to 30 sec., a range of 15 sec: 
_ Figure 3 reveals a relation between the s-S 
interval and the R-S interval at which the 
Maximum occurs in each rate vs. R-S function. 
Individual curves show the same genera 
trends, the irregularities probably resulting 
from the lack of precision in determining the 
maximum rates, which are specifiable only 
within a range of R-S intervals. There is little 
doubt, however, that the function is a rising 
one. 


The maximum rate on each function !* 
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ported against the S-S interval in Figure 4. 
i P despite local irregularities, the func- 
As ag ay to be of the same type for each 
ae ni e maximum rate decreasing as the 
erval increases. 
Be yee rate of avoidance responding 
eae interval, with the R-S interval as a 
rari er, reflect complex interactions among 
ees Sig ao but are highly consistent 
es D re three animals. Figure 5 will serve 
TNA 3 for describing the data of all three 
EnA s. Again, some points have been omitted 
rder to make the graph more readable. 
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Fic. 5. Rate of avoidance responding by Rat 46, 
with the 
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go bending from bottom to top, the height on 
ong rdinate of the four lower curves, ranging 
inve R-S intervals of 150 to 30 sec., shows an 
ee on se he R-S interval at all 
tain s. The 20-sec. R-S-interval function main- 
ee this relation out to the 15-sec. S-S in- 
cro al, after which the curve dips sharply and 
e the lower four. With each succeeding 
s rter R-S interval, the curves break at a 
Ro S-S interval. This effect is absent from 
to A for R-S intervals ranging from 30 
or 0 sec. Very long S-S intervals have little 

no influence on the rate of avoidance 
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responding, which is controlled exclusively b 

the R-S interval. At lower values of the 58 
interval, however, there does appear to be a 
rise in rate in the curves under consideration: 
It is not clear whether the rate approaches om 
asymptote or again drops below a maximum 

since these portions of the curves are Hot 
consistent among the three animals. 


DISCUSSION 


The curves of Figure 1 can be interpreted 
in terms of interactions between two gradients, 
one acting to increase and one to decrease the 
rate of avoidance responding. The first of 
these functions may be termed the “‘dis- 
tribution-of-punishment” gradient. As the R-S 
interval is decreased, the frequency of shocks 


actually received by the animals because of 
failure to respond in time increases, producing 
that any nonavoidance 
with shock. At shorter 
intervals, then, the behavior terminated by 
the avoidance response is more likely to be 
d reinforcemen 
helping to account for the inverse 


relation between rate and the R-S intervals to 


the right of the maximum. 
At still briefer R-S intervals, however, Rav 
itself begins to effects of the shock. 
With a decreasin ini nterval between 

depressions an gins to receive 
bean k. The extent to 


occasional pairings with shock 

omes aversive depends upon the 
i t”” gradient. The de- 
the maxima may 


the increasingly 


influence of th 
o the distribution- 


s-S interval upon the 
ient shows up 
The shifting 
t as the S-S 
P the distribution-of- punish- 
termines a smaller portion of 
, relative to the 
i adient. That is, at 
delay-of pumi als a relatively long delay of 
f the avoidance response will 
its rate without, igi 

ape of the gradient. y com- 
2 ae which reveal @ direct rela- 


the S-S interval and the R-S 
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interval producing the maximum rate, with 
those of Figure 2, the inverse relation between 
the S-S interval and the maximum rate itself 
(Fig. 4) can be derived. With Figure 3 indi- 
cating that the delay gradient “cuts through” 
the distribution gradient at longer R-S in- 
tervals as the S-S interval increases, and with 
Figure 2 showing an inverse relation between 
rate and R-S interval, the maximum rate 
must decrease as the R-S interval containing 
the maximum increases. 

Consideration of the delay-of-punishment 
gradient, determining that portion of the rate 
vs. R-S interval at the left of the maximum, 
reveals more widespread effects of the S-S 
interval, further supporting the analysis of 
the data into two separate gradients. The shift 
jn the interval at which the curves rise from 
near-zero values indicates that the range of 
delays over which punishment completely 
eliminates avoidance responding increases with 
the S-S interval. Also, the changing rate of 
approach to the maximum indicates that 
punishment will maintain at least a partial 
depressive effect over a wider range of delays 
as the S-S interval increases. 

Although short S-S intervals squeeze the 
delay-of-punishment gradient into a narrow 
range of R-S intervals, it seems unlikely that 
the delay gradient could be completely elimi- 
nated by further reduction of the S-S interval. 
This would mean that avoidance behavior 
could be maintained at high rates with R-S = 
zero seconds (shock occurring simultaneously 
with the response). For this reason the constant 
k was introduced into the equation for the 
distribution-of-punishment gradient. This con- 
stant sets a lower limit upon the R-S interval 
theoretically capable of maintaining the rate 
of avoidance responding. Actually, even this 
lower limit will not be effective, since the above 
equation demands an infinite rate at an interval 
of k seconds, a rate obviously Not within the 
organism’s capacity. At short intervals, then, 
there is a “capacity” variable acting with 
punishment to limit the minimum effective 
R-S interval. This variable is not represented 

in the equation because the number of experi- 
mental points is not adequate for evaluating 
the additional constant that would be required. 

Further support for the proposal that both 

escape and avoidance behavior are strength- 
ened by termination of a noxious event (3) 
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is provided by the zero S-S-interval curve 
(Fig. 2, Rat 41), which involves both escape 
and avoidance. If these two types of behavior 
required different reinforcing mechanisms, it 
might be expected that the zero S-S curve 
would differ in some respect from the others, 
but it is entirely consistent. 

The discontinuities noted in the curves of 
Figure 5 result directly from the shifting 
maxima in Figure 14. For example, if the 
latter graph is cut vertically at R-S = 20 
sec., all points will be on or to the right of the 
maximum except that on the lower (S-S = 
30 sec.) curve, which falls to the left of the 
maximum. The sudden decrease in rate at the 
left of the maximum, reflecting the influence of 
the delay-of-punishment gradient, shows up as 
a sharp drop in the rate vs. S-S function. The 
displacement of this break toward lower S-S 
intervals mirrors the shifting maximum demon- 
strated in Figure 3. It is evident, then, that at 
lower values of the R-S parameter, the shape 
of the rate vs. S-S-interval function is increas- 
ingly determined by the delay-of-punishment 
gradient. f 

The reason for the absence of this effect in 
the curves for longer R-S intervals can be 
found in the relatively small number of shocks 
occurring at these intervals. Of these few 
shocks an even smaller number were not fol- 
lowed by Ry. Since there was very little 
difference among the longer S-S intervals with 
respect to the number of times the S-S in- 
terval actually occurred, it was not possible 
for these intervals to exert a differential effect 
upon the rate of avoidance responding. 

It might be expected that the rise in rate at 
shorter S-S intervals could be accounted for 
by an increasing frequency of shocks, as Was 
the distribution-of-punishment gradient. How- 
ever, examination of Table 25 reveals no con- 
sistent relation between the S-S interval an 
number of shocks, with the R-S interval hel 
constant at the values under consideration. 
The rise in these functions, then, must be at- 
tributed to some other factor. r 

One property obviously correlated with 
decreasing S-S intervals is the minimum Iye 
terval between shocks. As this minimum in- 
terval decreases, giving a series of discrete 
shocks a closer resemblance to a continuous 


® See footnote 5. 
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on A 
poe breis to acquire an escape-from- 
Ae a nction, since its occurrence often 
ae such a series. The additional rein- 
probabl provided by this escape function is 
rae biy ope not only for the rise in 
feta ecreasing S-S intervals, but also 
the Rog aintenance of the response rate when 
when ae is very short—for example, 
ae = R-S = 2.5 sec. As Mowrer and 
eae ai Since the relief obtained by 
aba e bar would be immediate and the 
nohi. a (more) remote, such behavior 
ght be perpetuated indefinitely” (2, p. 84)- 


SUMMARY 


te experiment was concerned with 
tale ef ishment and maintenance of a steady 
ables a E responding and with vari- 
empon] vedati this rate. The effects of two 
eo ack variables were investigated with 
sedi i rats: (a) the shock-shock (S-S) 
lapse experimentally defined as the time 
Avota etween two successive shocks if no 
and Oe da cee occurred between them, 
or ties the response-shock (R-S) interval, 
delayed the by which each avoidance response 
Pee e occurrence of shock. Each animal 
these od through a series of combinations of 
and ge ervals, yielding the following relations 
nclusions: 

es Functions were obtained relating avoid- 
teens and R-S interval, with the 
throigh as a parameter. These curves passed 
bolic 8 z maximum, the rate bearing a hyper- 
Sra ation to the R-S interval from the 
The eS out to the longest interval employed. 
in ter ape of these functions was interprete 

dels ae of two conflicting gradients: (a) a 
die, -punishment gradient which operates 
m med upon the avoidance response to depress 
ee and (b) a distribution-of-punishment 
ance bet which operates to depress nonavoid- 
with naun which would otherwise compete 

2 T e avoidance response. . 
ment wt of the distribution-of punish 
ig ient is independent of the S-S in- 
gee R-S interval at which 
with in each rate vs. R-S func 
the S-S interval. 


the maximum 
tion decreases 


interval decreases. esas BEE Si 
Eede ree ee 
ance response n ae its T moi 

F e increase with 
the S-S interval. 

6. Functions were obtained relating avoid- 
ance rate and S-S interval, with the R-S 
interval as a parameter. These curves assume 
a shape which depends upon interactions 
among several variables. As the R-S interval 
decreases, the functions are increasingly de- 
termined by the delay-of-punishment gradient. 
The effects of the latter gradient are absent 
from curves for the longer R-S intervals. In 
these curves the rate at longer intervals is 
determined solely by the R-S parameter. 

7, The higher rates at the shorter S-S in- 
tervals and the maintenance of high rates 
when the R-S interval is very short were at- 
tributed to an escape-from-shock function 
assumed by the avoidance response at short 
S-S intervals. 

8. Each of the three animals yielded func- 
tions which replicate those of other animals. 

loyed for presenting 


Neither the sequences emp 
f the animals ap- 


the intervals nor the ages 0 L 
be relevant variables with respect 
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STIMULUS SUBSTITUTION AND RESPONSE LEARNING IN THE EARTHWORM 


JOHN S. ROBINSON 
Cornell University 


Yerkes (3) and Heck (2) studied the earth- 
worm’s acquisition of the T-maze habit in 
which the worm had to learn to turn consis- 
tently into one arm of the T and was shocked 
for entry into the other arm. These studies 
provide information concerning the modifia- 
bility of behavior and the extent of neural 
differentiation at the phylogenetic level repre- 
sented by the earthworm. They do not, how- 
ever, provide sufficient data to enable one to 
infer the process or processes involved in the 
behavior changes which occurred during the 
training or to support the authors’ theoretical 
interpretations of these changes. Yerkes and 
Heck concluded that the earthworm formed 
an association between the shock and an origi- 
nally neutral stimulus located on the shock 
side of the junction. Heck concluded that learn- 
ing to take the correct turn was based directly 
on such an association, i.e., taking the correct 
turn was a consequence of avoidance of the 
learned negative stimulus on the incorrect side. 
Few data are reported, however, to substanti- 
ate this interpretation of the learning. 

The present investigation consisted of a de- 
tailed study of the modifications which took 
place in the behavior of earthworms as they 
learned the T maze. As in the Yerkes and Heck 
studies, the worms had to learn to turn con- 
sistently into one arm of the T and received 
a shock if they entered the other arm. It was 
hoped that close observation of the changes 
in the worms’ behavior would provide data to 
test the adequacy of Heck’s interpretation of 
the learning of the maze in terms of stimulus 
substitution. If this interpretation were found 
untenable, the data should provide a basis for 
an alternative theoretical interpretation. 


METHOD 
Subjects 


The Ss in the present experiment were five earth- 
worms, Lumbricus terrestris, obtained locally. They 
ranged in length from 61g to 814 in. The method of 
housing and transporting Ss, which is described below, 
was adopted on the basis of experience with training 
other groups of worms in a series of earlier, exploratory 
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studies. The method adopted for the experiment Te- 
ported here minimizes stimulation of the worm in the 
course of removing it from its living quarters to the 
maze, and from the maze back to its living quarters 
after completion of a trial. It was found in the earlier 
studies that excessive stimulation impaired the worm’s 
performance in the maze. 


Apparatus 


The Ss were housed in individual boxes containing 
moistened earth. The boxes are illustrated in Figure 1- 
They were constructed so that they could be used as 
starting boxes and goal boxes. There were two boxes 
for each worm. At the beginning of each trial one of 
the boxes was placed at the end of the free arm with 
the end door open and the cover on. The other box 
containing the worm was placed at the entrance to 
the maze and the cover was removed, thus exposing 
the worm to the light. The boxes contained only a thin 
layer of earth so that the worm could not avoid the 
light by burrowing. 

A modified Yerkes-type T maze was used. The maze 
consisted of a rectangular crossbar and a tubular stem 
of transparent plastic. The stem could be detache 
from the crossbar easily, thus facilitating cleaning the 
maze. Copper electrodes were set into the floor at 
entrance to each arm. If the worm entered the wrong 
arm and contacted the electrodes, it received a shock 
of approximately .06 ma. Figure 2 shows the maze an 
the position of the electrodes in the maze arms. It was 
found necessary to provide a cover (not shown in Fig- 
2) for the crossbar of the T to prevent Ss from crawling 
out of the maze during the earlier stages of the training- 

At the beginning of a trial, the worm passed from 
the starting box to the stem via a wooden channeling 
device. The broad end of the device was the width © 
the starting box, and it narrowed down to the diameter 
of the stem. The walls of the channeling device guide 
the worm into the stem. 


Procedure 


The apparatus described above was placed 0” ie 
24 by 16-in. wooden base, which was placed on & tal A 
in front of a window. Light from the window on 
from ae behind and above the worm as it P" 
&ressed up the stem of the T. insi 

The apparatus was prepared for a trial by n 
all parts with water and lining the floor of the Si 
and the crossbar with moistened paper toweling urg 
was cut to fit the contours of the maze. The pated 
toweling provided traction for the worm and PORA 
it from the bare metal of the electrodes in the cohen 
arm. The goal box and the channeling device were se 
Placed in position and the starting box was juxtaP; 
to the channeling device and the cover removet- 
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co i 
Sr morm, dia not leave the box and enter the stem 
foltáned w seconds, it was touched lightly with a 
TRS camel s-hair brush. This procedure was 
RRA An aa in inducing the worm to enter the 
E esien ewar had entered the maze, reversing 
daing A acking out was discouraged by the use 
and hae nie Sa could be inserted into the stem 
ORA at the point of maximum effectiveness. No 
on was applied as long as the worm’s anterior 


Electrodes: top view 
b- 24-44 


Fic. 2. Vi | Map ead 
of electro ig of the maze and detail showing position 


end : , ‘ 
Was in the junction, but if there was excessive 


elay į i 
end a the stem, slight stimulation of the posterior 
en has to get the worm started. A trial terminated 
x e worm made its way to the goal box. The go 
y Ne een positive value for the worm as evidenced 
e Shed entrance into the box once it had reached 
If of the correct arm. y 
Swit = worm turned into the incorrect arm, e 
2 ch which charged the grid was closed just before 
faa contacted it. The shock was made sufficiently 
and a so that the worm did not pass ovr the electrodes 
own the incorrect arm. 


Each worm was given from three “| 
day. Trials for individual worms were ene ihe 
interval of time it took to run the other four shel 
Time per trial and the length of interval between trials 
varied considerably, as is shown in the following sec- 
tion. 

A record was made of the time required by the 
worm to reach the goal box after entry into the maze 
stem. Record was also made of the direction of the 
initial turn in the junction. Only those turns that 
brought the worm’s anterior end to the edge of the 
grid area on either side were considered in recording 
initial turns. Mimeographed record sheets were pre- 


pared which contained an outline of the maze. The 


w 
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S 
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ww training trials 
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2 
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E 
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È 
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SUCCESSIVE PORTIONS of TOTAL TRAINING 

Fic. 3. Time per trial and frequency of incorrect 

turns at successive stages of training 


ate the worms to lsc 
individual ng trials. During the training trials 
rae aan ti e nonpreferred arm and was 
r 
me ei if i entered the preferred arm. 
RESULTS 
i rmance 
«oe the changes 10 rfo: 

ice in terms of time per 
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the training of about 25 trials. The mean val- 
ues for the preliminary series are also given. 
The lack of homogeneity in the variability of 
the performance of Ss precluded the use of a 
statistical test based on an assumption of nor- 
mality, and therefore Festinger’s (1) nonpara- 


TYPICAL RUNS 


| At end of habituation stage 


2 After introduction of shock 


shock 


3. Ata late stage in training 


Fic. 4. Tracings from records made of the earth- 
worm’s behavior in the maze junction at successive 
stages in the training 


metric method was used to test the significance 
between the preliminary-series time and error 
means and the means at the successive stages 
of training. There is a significant increase in 
the time per trial by the second portion of 
training (p < .01). The frequency of errors 
does not decrease significantly until the sixth 
portion of training (p < .01). 
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The increase in time per trial took place 
relatively early in training. After the worm 
had been shocked on a few trials, it began to 
show marked negative reactions to all parts 
of the junction and to the junction entrance. 
These changes in behavior resulted in an in- 
crease in the time required to reach the goal 
box. Two mean values are given for the final 
portion of the training. The higher value gives 
an erroneous impression of a continued rise in 
the time curve because of the extremely long 
time required by one S to run the maze. The 
lower value represents the mean when this S 
was not included. The decrease in frequency 
of errors did not take place until 75 to 100 
trials after the increase in time per trial. 

Figure 3 shows that learning was not per- 
fect when training was discontinued. Training 
was not terminated, however, until it appeared 
that an excessively large number of trials would 
be required to produce any further change in 
time or error curves. 

Figure 4 indicates the three general stages 
which were discernible in the learning. In the 
initial stage, during the preliminary series, the 
agitation and excess movements which were 
present at the beginning decreased, i.e., the 
worm became habituated to the maze situa- 
tion. The second diagram illustrates the inter- 
mediate stage, which appeared shortly after 
shock was introduced. Stimulation provide 
by the junction and the stem near the junction 
elicited sharp retraction responses. Lingering 
in and near the junction was frequent. ‘There 
was much vacillation between the two arms 
before one of them was entered. Stimuli on 
both sides of the junction elicited negative 
reactions. Diagram 3 illustrates the final stage- 
The worm’s activities were restricted to the 
electrode areas, especially the area on the cor- 
rect side. Some negative reactions, even tO 
stimuli on the correct side, were still made- 
Lingering in the junction was still present. 

The worms persistently reacted negatively 
to stimuli on both correct and incorrect sides 
of the junction. Negative reactions to junc- 
tion stimuli on the correct side of the junction 
persisted even after entries into the correct 
arm increased in frequency. 


DISCUSSION 


The results of the present study indicaté 
that the earthworm’s successful performance 
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Te Tne $ a iesea on a precisely lo- 
against this os i B namg pi seues: 
Val (75 to, 100 trials) between the Jang sie 
of shock-ind m s) etween the appearance 
PE, pane megane reactions to junc- 
correct turns, If draws we i i cs Spe 
basis of the avoidance of ecifically | cali d 
junction stimuli which $ ne ee 
Sal i which ha acquired negative 
ue by association with shock, the above 
two changes would have accompanied each 
es rather than appearing at different times 
= tag Rearing Also, the negative reactions 
io he td the shock were not restricted solely 
a shock side of the junction, but were 
fr e to stimuli on the correct side and to 
stimuli at the entrance to the junction. 
ree and Yerkes inferred from their obser- 
i ons that an association between shock and 
ome other precisely localized stimulus was 
ier! built up. The present study also 
re evidence of the formation of an associa- 
that involving shock, but the evidence indicates 
a os association did not develop gradually 
li id not involve a precisely localized stimu- 
i s. The association was formed early in tram- 
mg, and involved indiscriminate negative re- 
actions to stimuli anywhere in the junction. 
Two distinct behavior modifications ap- 
Penred in the course of training: (a) increase 
negative reactions to junction stimuli and 
w increase in frequency of correct turns. 
fo o-factor theory seems best able to account 
ee results although alternative interpre- 
ions are possible. A dual-process theory 
oo account for the development of nega- 
"ee reactions in terms of a conditioning process 
a Pending upon contiguity of shock and junc- 
on stimuli. The increase in frequency of cor- 
rect turns would be viewed as mediated by & 
Selective-learning process, 1.¢-, the elimination 
ra incorrect responses to junction stimuli an 
Je n of the correct response by virtue of 
differential reinforcement (escape from photic 
and tactual stimulation, escape from drive- 
arousing stimuli in the junction). . 
Earlier interpretations of worm Jearnit 
the T maze in terms of simple avoidance of a 
Precisely localized learned negative stimulus 
do not seem adequate to account for the results 
n the present study. The shock-induced nega- 
he reactions do not appeat 
elated to the learning of the mazı 


ag in 


e. The con- 
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ditioning stage, however, may have contributed 
to learning by providing an additional source 
of motivation and reinforcement, i.e., turning 
into the correct arm from the junction may 
have been reinforced by escape from the drive- 
arousing junction stimuli. 

There is no direct evidence that the worms 
were capable of discriminating between the two 
sides of the junction, as is assumed in the earlier 
studies of worm learning. What evidence there 
is argues against such a capacity for discrimi- 
nation, i.e., the persistence of negative reac- 
tions to both sides of the junction after the 
worm had been shocked on only one side. It 
seems more plausible to assume that any learn- 
ing that occurred took place with reference 
to the junction as 2 single undifferentiated 
stimulus. In the conditioning stage the whole 
junction became a conditioned stimulus for 
the negative reactions. In the selective-learning 
stage the correct-turn response was associated 
with the junction as a whole. This evaluation 
of the worm’s powers of discrimination makes 
the learning understandable. 
nflicting reactions to the 
he conditioning 
became a cue for withdrawal, 


stage the junction J v 
i n the selective-learning stage it became a 
ess and turning in a par- 


he first learning constituted 
rformance of 


e low level of the 
powers was ob- 
ich were made 


e reported here. In one of these 
s made to test directly 


. The worms e 
the habituation series, but 
tions to it after 
o the situation. The 
f learning the dis- 


von aoe after extensive training. 

Cant was also made to train worms 
; an ee Je turn problem with the plastic 
i at the correct side of the junction. 
bate this situation was very slow in 
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spite of the enhancement of the difference 
between the two sides of the junction provided 
by the plastic bar. : 

The results of the above studies substantiate 
the conclusions reached concerning the results 
of the study reported here. After shock has 
been introduced, the worm associates the shock 
with the whole junction rather than with the 
particular aspect of the junction containing 
the shock. The plastic bar merely constituted 
an additional source of stimulation in the junc- 
tion. The worm’s negative reactions, once the 
junction had been associated with shock, were 
more frequent when the bar was in the junc- 
tion than when the sides of the junction were 
not differentiated by the bar. 

There is a possibility that the negative re- 
actions to the junction are due to sensitization 
of the earthworm to junction stimuli by shock 
rather than to conditioning. Interpretation of 
these reactions in terms of sensitization seems 
unlikely in view of the fact that the negative 
reactions to junction stimuli appeared after 
intervals of 24 to 48 hr., in which no shock 
was received. An attempt is now being made 
to obtain conditioning in the earthworm, and 
if it is found that conditioning is relatively 
easily obtained when control for sensitization 
is included in the experimental design, the 
conditioning interpretation of the negative re- 
actions to junction stimuli will be strengthened. 


SUMMARY 


Five earthworms (Lumbricus terrestris) were 
trained to turn consistently into the nonpre- 
ferred arm of a T maze. The worm was shocked 
if it entered the preferred arm. In the course 
of training two modifications of behavior ap- 
peared: (a) an increase in negative reactions 
to stimuli on both shock and nonshock sides of 
the junction and (b) a decrease in frequency of 
entries into the arm of the maze containing 
shock. The first change, as measured by an 
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increase in time per trial, appeared relatively 
early in the training (approximately trial 50). 
The second change was not statistically sig- 
nificant until trial 150. 

It is difficult to reconcile Heck’s interpreta- 
tion of earthworm learning in the T maze, 
which is discussed above, with these findings. 
This study provided no evidence of the develop- 
ment of a precisely localized association or a 
pattern of avoidance of the shock side of the 
junction based on this association. 

A more adequate interpretation can be made 
by assuming that modifications of the earth- 
worm’s behavior took place with reference to 
the junction as a whole, and that there were 
two relatively discrete phases in the learning. 
The first of these is a conditioning phase which 
occurs early in training and results in the de- 
velopment of diffuse negative reactions to the 
junction. The second is a selective-learning 
phase which occurs later in training. During 
this phase there is a reduction in the frequency 
of entries into the incorrect arm and an in- 
crease in frequency of entries into the arm 
leading to the goal box. The slowness of the 
learning to turn consistently into the correct 
arm may be explained in part by assuming that 
the junction becomes a cue for two incom- 
patible responses, i.e., withdrawal versus for- 
ward progress and turn in a particular direc- 
tion. The precise relation between the two 
phases of the learning, however, can only be 
determined by further experimentation. 
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THE EFFEC 
aN 
S OF A CHANGE FROM DISTRIBUTED TO MASSED RESPONSE 
NSES 


GLEN A. HOLLAND 
University of California, Los Angeles 


Int 
ata tes of the effects of massed versus 
Pas een eae trials, primary emphasis 
learning Ma on the relative efficiency of 
Spacing, E Te various conditions of trial 
an equal ile this is an important problem, 
practical ly important and perhaps more 
Suppose. proble m has been largely ignored. 
that respon example, that conditions require 
T's once be massed after initial learning. 
ae tied that the response might be 
massed ial efficiently in distributed than in 
distributed r If, however, the change from 
decrement to massed trials results in some 
ecient in th performance, it may be more 
learnin in the long run to have the original 
This” in massed trials. 
aan eee may be approached theo- 
among ee Hull’s Principles of Behavior, 
particular] the construct of stimulus trace is 
tie nag a Cr p 11). All stimuli, 
Sumed “4 tapepe stimuli, are as- 
the or wt uce perseverative effects within 
become ism, Tn massed trials these effects 
of the beats or less important component 
is made ce us situation in which the response 
the trial lepending on the ordinal position © 
etween ee series and on the interval 
such edit s. It may be further assumed that 
flats ane US traces are cumulative over more 
reached at a but that a point is eventually 
Stimulus t which the cumulative effect of such 
distribut races becomes constant. In suitably 
foes trials, on the other hand, such 
existent, races may be negligible or non- 
N 
which havehad that one has two groups of Ss 
by distri e had equal amounts of training, one 
Suppose a and the other by massed trials. 
Sufficient] urther that the number of trials was 
Btoup m y great so that for the massed-trials 
E of the learning bas been with a 
cumulative stimulus trace: A new 


lo u 

TER of „Teinforced trials is begu? with the 
group eing massed for both groups. The 
Grog previously trained in massed trials 
p M-M) should show an immediate drop 
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in efficiency of performance because of th 
the cumulative stimulus trace = 
final block of massed trials 
However, there should be a relatively rapid 
recovery, the number of trials required for 
recovery depending on the number of trials 


required to re-establish the constant cumulative 


stimulus trace. 


absence of 
the onset of the 


What about the Ss trained originally in 
trials so distributed that stimulus traces could 
not perseverate from one trial to the next? For 

D-M) the gradual accumula- 


this group (Group 
tion of stimulus traces in the final block of 


massed trials progressively changes the stimu- 
lus situation from that in which the original 
learning occurred. According to Hull’s principle 
of response generalization (2), there should 
be a gradual decrease in efficiency of per- 
formance, & minimum being reached when the 
becomes constant. 


cumulative stimulus trace 
hould correspond in terms of trials 


t of recovery for Group M-M. 
of response continues, there 


dual increase in efficiency of 
from this point as Ss learn to 
d toa stimulus situation which includes 
i jmulus trace: 


In the present experimen 
ted in terms of 


erformance” will be 
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was noncorrectional, that is, either response, whether 
rewarded or not, constituted a trial. The 44 Ss were 
divided into two groups of 22 each, the groups being 
equated in terms of latency of response in preliminary 
training. One group, M-M, made 100 responses in a 
single block of consecutive massed trials. Group D-M 
made 100 responses in this situation with an interval 
of not less than 24 hr. preceding each response. 

The third stage in training was similar to the second, 
excepting that the 50 responses elicited were in con- 
secutive massed trials for both groups. Group M-M 
thus had a block of 100 massed choices between R/ 
and Rs followed by a second block of 50 massed choices. 
Group D-M had 100 distributed trials in which they 
could make either the R/ or Re response followed by a 
single block of 50 massed trials. 

Latency of response was measured by stop watch 
from the time a shutter exposed the manipulanda for 
the two responses to the time either manipulandum 
was moved sufficiently to make an electrical contact. 
In the results to follow, latency of response is the 


90) 
poe 
g 
@ 85 ba “6 ‘oe 
= ee N ra aN 
5 x 
2 
= 80) 
€ 
E X 
Z7 
æ 
E 9 x—x GROUP M-M 
o— GROUP D-M 
d 
69 


> 10 520-25 30 35 40 45 50 
FINAL MASSED TRIALS 


Fic. 1. Percentage of Re response in final massed 


trials training, each point representin 
4 ercent 
Re over five trials Ep AEE 


latency for each group of 22 Ss, regardless of whether 
the response made was R’ or Re. Percentage of correct 
response is the percentage of each group making the 
R, response on a given trial. 


RESULTS 
Percentage of Correct Response 


In Group M-M 81.8 per cent of Ss made the 
R. response on the last trial of stage-2 training, 
and 59.1 per cent made this response on the 
first trial of stage-3 training. The difference is 
22.7 per cent. The procedure suggested by 
McNemar to determine the significance of a 
difference in percentages for correlated meas- 
ures (4, p. 80) yields a value of 15.1 per cent 
for the standard error of the difference, 1 
equals 1.53, and p equals .063. Although the 
difference between trials is in the direction 
predicted, the difference cannot be considered 
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statistically significant at the .05 level of 
confidence. 

Figure 1 presents graphically the percentage 
of R. responses for Group M-M over the final 
50 massed trials. Inspection indicates a rapid 
increase in the percentage of correct responses 
over the first 15 to 20 trials, followed by a 
gradual decrease over the final 30 trials. 

In Group D-M 77.3 per cent of Ss made the 
R. response on the last trial of stage-2 training, 
and 90.7 per cent made this response on the 
first trial of stage-3 training. Although the 
distribution of responses does not permit use 
of the statistical test mentioned above, it 
would appear unlikely that the difference in 
percentages is statistically significant. It 
should be noted, however, that for Group D-M 
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_ Fic. 2. Median latency of response (in seconds) 
in final massed trials training. Latencies for five trials 
were combined in computing medians. 


the percentage of correct response is greater on 
the first trial of the final block of massed 
responses, whereas for Group M-M the 
percentage of correct response is greater for 
the final trial in stage-2 training. 

Figure 1 shows that there is a relatively 
rapid decrease in percentage of correct Te 
sponses for Group D-M over the first 20 trials 
of the final block of massed trials. This decreas 
corresponds approximately with the increase 
1n percentage of correct responses for Group 
M-M in terms of the number of trials involved- 
Following this decrease, Group D-M shows @ 
gradual but irregular recovery in percentage ° 
Correct responses. The maximum difference 1? 
percentage of R, response for Group D-M 1 
the final 50 massed trials is between trials 
16 to 20, where the mean percentage of Re 
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respect during the latter part of the final 50 
massed trials. A more extended block of 
massed trials would be required to mibstantiete 
this suggestion. If substantiated, it would 
point to the superiority of distributed over 
massed initial training even when later per- 
formance is to be under massed conditions of 
response, at least so far as correctness of 
response is concerned. 

The outcome of the experiment in relation to 
theoretical expectation is quite different when 
latency of response is considered. Group M-M 
suffers only a minor decrement in performance 
at the beginning of the final session of massed 
trials while Group D-M undergoes a statisti- 
cally significant Joss of efficiency. The outcome 
is the reverse 
to expectation is 
shows an irregu 


latency of response +3, 
massed trials. Theoretical! 


expected a gradual increase in 
by a decrease. 


the finding that Group D-M 
lar but generally decreasing 
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superiority to Group M-M Ss on the first trial 
of the final stage of training than on the last 
trial of the preceding stage. (The latency data 
would appear to refute the theorem in its 
entirety but are of questionable validity in this 
respect because of the age differences men- 
tioned above.) 

In the derivation of his Theorem 8, Hull was 
primarily concerned with the dissipation of 
reactive inhibition over an interval of time. He 
did not use the construct of stimulus trace in 
his predictions concerning the differences 
between massed and distributed learning. The 
results of this experiment would suggest that 
this is a significant omission in his derivations. 


SUMMARY 


Forty-four male albino rats were trained to 
make two different responses in a Skinner- 
Youtz apparatus. They were then divided into 
two equated groups. One group made 100 
massed choices between the two responses with 
only one being rewarded, followed by a second 
block of 50 massed choices. The other group 
made 100 distributed choices followed by a 
block of 50 massed choices. The first group 
tended toward a decrease in the percentage of 
rewarded responses at the outset of the final 
block of trials but recovered in 15 to 20 trials. 
The second group showed a gradual decrease 
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in percentage of rewarded responses over the 
first 20 trials of the final massed block, followed 
by a gradual increase. In terms of latency of 
response, the first group showed a fairly 
constant latency throughout the final 50 trials. 
The second group showed a significant increase 
in latency at the outset followed by a gradual 
decrease. 

The experimental situation was discussed 
theoretically in terms of Hull’s principles of 
behavior, and the construct of a constant 
cumulative stimulus trace was introduced. 
This modification of Hull’s own theoretical 
derivation appears to fit the experimental 
findings with regard to “correctness” of 
response reasonably well. The problem of 
predicting latency of response appears to be 
more complicated. 
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A MORE 
SENSITIVE TEST OF IRRELEVANT-INCENTIVE LEARNIN 
G 


UNDER CONDITIO 


HOWARD H. KENDLER 
New York 
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effects of the location vs. the presence of the 
food and water during the training series. This 
paper reports the results of such an experiment. 


METHOD 


Subjects and Apparatus 

The Ss for this experiment were 30 naive male 
albino rats purchased from the Albino Farms, Red 
Bank, New Jersey. At the beginning of the experiment 
they were approximately 80 days old. A single-choice 
T maze, a description of which is given in a previous 
paper (3), was used. In this experiment, the entire 
maze was painted a flat gray. 


Procedure 

Preliminary training. All Ss were handled for about 
5 min. daily for approximately one week prior to the 
experiment proper. On the first day of the experiment, 
five Ss were placed simultaneously in the maze and 
allowed to explore freely for 1 hr. During this time, all 
doors were raised. On the next day, Ss were tested for 
position preference. Each S was given three free-choice 

trials. No animal used in this experiment chose the 
same side on all three trials. 

Training series. During the training series, all Ss 
were satiated for both food and water, The procedure 
used to induce satiation was to have food and water 
present in the home cages for the 2 hr. following the 
daily trials, at the end of which time the food and water 
were removed. Four hours before the experimental 
trials, the water and food were replaced in the home 
cages. One hour prior to the trials, a dish of powdered 
food was placed in the cages, 

The Ss were randomly divided into three groups of 
ten Ss each. The maze situation differed for these 
groups during the training trials. There was no food or 
water in either end box for group O, while Group C had 
a dish of water present in the left end box and six 
pellets of Purina Laboratory Chow in the right end 
box. The maze conditions for Group R were opposite 
those for Group C; the water was in the right end box 
and food in the left end box. 

The training series consisted of four daily trials for 
seven days. The initial run of each day was free choice, 
the second was a forced trial to the side opposite that 
chosen on trial 1, the third was free choice, while the 
fourth was a forced trial to the side opposite the 
choice of trial 3. The Ss were kept in the goal box on 
both free and forced trials for a period of 30 sec. There 
was no evidence of any S’s eating or drinking during 
the training trials. 

Because of the sluggish condition of Ss, induced by 
the satiation procedure, it was decided that a gentle 
push would be administered if an S remained in one 
spot for more than 5 min. This procedure, which had 
been used in a previous study (5), produced no ob- 
servable emotional reactions (defecation, urination, 
freezing) in S. 

Test series. The procedure, as well as the maze 
situation, was similar for all groups during the test 
series. Each S was given a single daily trial beginning 
on the day following the last day of the training series. 
On the first and fourth days of the test series, Ss were 
motivated by a 22-hr. hunger drive, while on the second 
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and third days, Ss were motivated by a 22-hr. thirst 
drive. This abba alternation was continued for a period 
of 17 days. 

The maze conditions which prevailed for Group C. 
during the training series (water on the left side and 
food on the right) prevailed for all groups during the 
test series. Group C had constant maze conditions 
during the training and test series, while for Group R 
the situations were reversed. Group O, it will be 
recalled, did not have any food or water in the maze 
during the training series. 

During the test series, if an S responded appro- 
priately, it was permitted to eat for 20 sec. or drink 
for 5 sec. If an S responded inappropriately, it was 
detained in the end box for a period of 30 sec. The Ss 
in all groups received daily test trials until a criterion 
of four successive correct trials was achieved or until 
they completed 17 test trials. 


TABLE 1 
Number of Trials to Reach Criterion of Learning during 
Test Series 


GROUP | MEAN | o | MEDIAN RANGE 
e | 2.4 2.9 | 2.0 0-10 
(0) 5.3 Z6 | 50 0-10 
R 13.9" | 4.4* | 17.0 417 


* Six of the ten Ss in Group R failed to achieve the criterion 
of learning during the 17-trial test series, The mean and standard 
deviation of this group were determined by assigning a score of 
17 to these six Ss, 


RESULTS AND DISCUSSION 


The performance of the three experimental 
groups was quite similar during the training 
trials; the percentage of their free-choice 
responses to either side tended to fluctuate 
about the 50 per cent level. The performances 
of these groups during the test series, however, 
were markedly different. Table 1 presents the 
mean and median number of trials (not in- 
cluding the criterion trials) required by each 
group to achieve the criterion of four successive 
Correct trials. The distributions of: the scores 
of both Groups C and R were highly skewed, 
and consequently the comparisons betwee? 
the means of the various groups were made 
with the use of the U test (8). It was found that 
on the basis of a two-tail test, the differences 
between Groups C and O, O and R, and C and 
R were significant at the .02, .01, and .001 levels, 
respectively, 

_ The results refute the hypothesis which 
instigated the present research. If Kendler $ 
results (2) could be attributed to the mere 
Presence of irrelevant goal objects during the 
training trials, then it would be expected that 
no difference between the performance © 
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Both end boxes were 

DON empty f chi 
food was in one end sal or Group O, while 
for > water in the other 
or Groups C and R. During the t A 
the S! P f eI See test series, 

e Ss received daily trials under conditi j 
of food or water deprivation. The joate 
the food and water was the same for all grou z 
being in the positions that prevailed for Gra 
G during training, while being reversed for the 
Ss in Group R, ie., if food had been in the 
left end box during training, it was placed in 
the right end box during the test series. 

It was found that Group C achieved the 
criterion of learning (four successive Cor- 
rect responses) most rapidly. The performance 
of Group O, although significantly poorer 
than Group C, was significantly superior to 
Group R. The results of the performance of 
the three groups provided marked evidence of 
irrelevant-incentive learning under conditions 
of satiation. 
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LATENT LEARNING AS 
NUMBER OF DIFF 


A FUNCTION OF THE 
FERENTIAL CUES 


R. C. KIMBALL, LORNA T. KIMBALL, anp H. E. WEAVER 
Oberlin College 


We may think of latent learning as the 
acquisition of “cognitive maps” under condi- 
tions which provide no opportunity for an im- 
mediate manifestation of the influence of such 
“maps” upon goalward behavior; or as the 
acquiring of those perceptual responses which, 
when accompanied by an appropriate motive, 
mediate a less random performance than would 
be possible without the perceptual preparation. 
Whatever terminology one may prefer, present 
formulations appear to be in agreement with 
the general proposition that latent learning is 
a process which depends upon certain condi- 

tions of stimulation for its inception and has 
its criteria in subsequent behavior. 

We hope to maintain the distinction between 
latent learning and irrelevant-incentive learn- 
ing presented by Thistlethwaite (9) because 
attempts to study motive-incentive relations 
and latent learning simultaneously seem to lead 
to abstruse problems of interpretation. For 
this experiment, the term “latent” is used to 
represent that learning which may occur in a 
multiple-T maze during exploratory periods 
which do not include any known source of 
differential reinforcement. To qualify as latent, 
this learning must enable the groups of rats 
that have explored the maze to perform, on an 
experimentally motivated test trial, in a man- 
ner superior to that of a control group which 
has not had the exploratory experiences. Su- 
perior performance may be shown in terms of 
(a) number of errors made at choice points, 
(b) depth of entrance into culs, and (c), the 
time between entry into the start of the maze 
and entry into the goal box. 

Recent evaluations of research by Hilgard 
(2), Munn (6), and Thistlethwaite (9) support 
the belief that there is a critical need for a 
more complete analysis of the conditions of 
the perceptual field within which this kind of 
learning may occur. 


THE PROBLEM 


An obvious condition that may be signifi- 
cantly related to the acquiring of perceptual 
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prerequisites is the number of differential cues. 
As a first approximation to the much larger 
task of systematically varying the number of 
cues (relevant and irrelevant), this experiment 
has been designed to test the following hypoth- 
esis: Assuming that evidence of latent learning 
is found, this evidence will show that such 
learning is more effectively accomplished in 
that one of two similar situations which pro- 
vides the larger number of differential cues. 

A satisfactory test of the hypothesis requires 
detailed records of the Ss’ exploratory and 
test behavior. Such records will provide eyi 
dence concerning the possibility that cul entries 
are eliminated from maze runs by progressive 
reduction of depth of entrances. This has been 
the subject of much discussion and some €x- 
perimental investigation (5). 

The possibility that the elimination of culs 
is a consequence of the conditioning of a? 
avoidance response to the “dead end” of a cul, 
the reinforcement being unimpeded movement 
along the through path, is so important that 
a second hypothesis has been submitted to €x- 
perimental test, viz.: In the absence of aDY 
known incentive other than an open pathway, 
Progressive reduction of depth of cul entries 
will not occur during periods of unguided ex- 
ploration in a multiple-T maze which elimi- 
nates all visual cues from the culs and p10- 
vides a pathway that is wide enough to allow 


the animals (rats) to turn around easily êt 
any point. 


METHOD 


Briefly outlined, the plan of the experiment is: @) 
to give equated groups of rats exploratory periods ip 
two mazes that differ in the number of differential cue 
available, (6) to have the animals do the exploriné 
while satiated for food and water, (c) to eliminate 9" 
otherwise control all known sources of differential re 
inforcement, (d) to make detailed records of the a 
Ploratory behavior and of the performances of the Bi 
groups on an experimentally motivated test trial, o 
to compare the test results of the experimental groue 
with results secured from a control group which w4 
not given the opportunity to explore the mazes, ane 
(f) to compare the effects of the two mazes upon 
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activities of the two ex TOU! specia 
f e two experi oups with 
eect perimental groups with sp i 
consideration of depth of entries into culs es j 


Apparatus 


The fl 

oor igni 

Rie twa pa and significant construction details 
th ; „unit T mazes are shown in Figure ds 


Fic. 1- The maze P 


m sheeting on & ply- 


Th 
em 

azes were made of aluminu 
sed alleys were ape 


Wood 

Bratton The completely enclo 

segment ely 6 in. square in cross section, 2n 

RENA ice a T was 30 in. long- The goal box was 10 
idth and length and 6 in. high. On the surface 


attern and co 


eegewhich S 
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of the plywood base of each alley a 

p ape sn an attached sAm ieee ae 
ne plate to one terminal of an Esterline-A: gi : 
Multiple Recorder. Over the metal plat igen 
layer of foam rubber covered the entire hase fe ae 
into the rubber cushion were electrical aS 


«its through the re- 
d to complete 5 pnus 
corder a ig. 1). The dimensions of the metal plates 
of the recor in, 
and eight 0 
jacent units were S¢ 
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rubber. One unit was placed 2 in. past the entrance 
from the choice point in each of the open sections of 
the maze and in the goal box. The units were inaudible 
in operation; when depressed by the weight of an 
animal, they moved no more than other parts of the 
path; they could not shock the animals; and they 
operated reliably. 

The running surface was a waterproofed fabric cover 
fastened securely on top of the foam rubber and the 
recording units. The consistency of the running surface 
was approximately uniform throughout the mazes. For 
half of each group of Ss, the culs had a fine texture 
and the through pathway had a coarse texture. For 
the other half, the culs were coarse and the through 
path was fine. The fine texture was the natural texture 
of the fabric cover. A much coarser texture was pro- 
vided by gluing 6-in. lengths of }g-in. twine coated 
with shellac across the width of the fabric cover at 
114-in. intervals. 

The completely enclosed alleys excluded all light 
from one of the mazes (Maze A) and so eliminated all 
visual cues. Minimal, differential visual cues were sup- 
plied in the second maze (Maze A+) by inserting 
44-in. circular red light filters along the sides of the 
through pathways and in the goal box. These light 
cues were placed 8 in. apart 114 in. above the running 
surface. The intensity of the light was kept constant, 
and, to the human eye, there was no illumination of 
the inner walls of the maze. These cues were merely 
distinctive red dots along the through path. The top 
of each segment of the mazes was hinged. 


Subjects 


The Ss were 70 experimentally naive white rats 65 
to 80 days old raised from birth in the Oberlin Animal 
Laboratory. These animals were housed in l-in. wire- 
mesh cages and had run on no surface other than that 
of the cage. They were distributed so as to equate 
groups for age, litter, and sex. The animals were run 
at a somewhat younger age than is customary because 
we expected them to be more active while satiated 
than older Ss. 

All animals were fed on the same standard diet, at 
the same time intervals, and were cared for by ‘the 
same Es. All the animals were given approximately 
5-min. daily, individual handling during the week be- 
fore they were placed in a maze. 

A surplus of food and water was always in the 
living cages at the time of each exploratory run, and 
an abundance of food and water had been in the usual 
containers for several hours before these trials. 


Procedure 


Two groups of five Ss each were used to determine 
whether we should expect the main experimental groups 
to show an immediate preference for any of the four 
differentiating conditions. Each animal in one group 
was given 10 3-min. trials in a single, straight dark 
alley having a fine texture on one half the running 
surface and coarse on the other half. Each S in the 
other group was given its trials in a similar alley with 
one half having red dots, the other half completely 
dark, and with a fine texture on both halves of the 
running surface. All animals were placed in the alley 


at the mid-point, and evidence for a preference was 
secured by recording the amount of time spent in each 
half of the alley. The ten animals in these two groups 
were not used again in this experiment. The results for 
these preliminary groups caused us to counterbalance 
floor textures as described above. 

In the main part of the experiment, each of 20 rats 
was given 20 periods of unrewarded exploration in 
Maze A, and Ss in an equated group of 20 were given 
20 unrewarded, exploratory periods in Maze A+. For 
both groups, the following controls, in addition to those 
previously discussed, were employed. (a) The animals 
had never secured food or water outside the home 
cages. Every aspect of the mazes was so different from 
the conditions of the home cages that secondary Te- 
inforcement mediated by stimulus generalization seems 
highly improbable. (b) The foam rubber was an ef- 
ficient muffler of sounds within the mazes. Sounds 
produced by remote sources and by movements of the 
Es were so rare and variable that they could not 
constitute differential cues. The recorder was placed 
in an adjoining room. (c) Differential olfactory cues 
were avoided by removing feces and urine and by 
using an extra animal to “track” all parts of the run- 
ning surface in a highly irregular way. (d) The place 
of entrance into the mazes was varied irregularly on 
Successive exploratory trials, each animal being put 
into the first and second halves of the mazes equally 
often. (e) The Ss were never removed from the g0% 
box. (They did not remain in it long enough to make 
this necessary.) The place of removal varied greatly 
for cach animal. Prodding the animals to avoid re- 
peated removals from the same place was not nece s 
sary. (f) The time of the exploratory periods vari 
from 3 to 7 min. The sequence of different times W45 
the same for all animals of both groups, but the periods 
were varied irregularly to avoid the conditioning © 
“escape” to a constant time interval. (g) The intervæ's 
between exploratory trials were the same for all animals: 
two daily trials about 90 min. apart. (/:) The exploratory 
and test runs were not forced or guided by doors su! 
as are used to prevent retracing. (i) The mazes 2” 
the home cages were placed in rooms separated by ® 
storage room. (j) Opening the hinged tops of the alleys 
between trials provided adequate ventilation for 
relatively short exploratory periods. 

A continuous record was made of the course 
rat's exploration throughout each of 800 explora 
periods. 

The final test runs were made 48 hr. after the tw 
eth exploratory period. During the 48-hr. interv4 
there was no water in the home cages, and the o”, 
food given was in the form of dry biscuits. After ne 
hr. of water deprivation, each rat was taken to ; h 
maze it had explored and placed in the goal box whe 
had been temporarily shut off from the rest ° ged 
maze. A glass bowl (very different from the susPe? 
small tubes used to supply water in the home cag 
in the center of the goal-box floor was filled with wê 
Each rat remained in the box 2 min. and then W 


of 2 
tory 


enti- 


drank during this period.) Twenty-four hours aft t 
the start of water deprivation, the animals were Ps 
into the goal box again for 2 min. with the top eet 
and water present. (All animals drank at this time 
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bowl w i 

p SRS eenah to keep the water at a marked 

aoe ae epee After 36 hr. of deprivation, each 

esta unl s in the goal box with water, with the top 
il the rat began to drink, at which time it was 


= TABLE 1 
rmance of the Two Groups on the Test Trial 
MEAE {crour*| M j aln 
Cul entries aa i oe 
Frequency | gp | 1.05} 0.28 
| 0. 
i. | 7.1t 
| c | 4.75] 0.39 
D | 
i | E | 64 | 1.87 
' 5.2 
È | 28 2.34 
Ti | 
ime of run, in sec. | E | 65.8 | 18.1 
i j 13.6} 
| c | 370.4 | 13.2 


. 
For each i 
i comparison, N is 40 in the A 
i , N is 40 in the es 
n the control group 4 e experimental group, 20 
pany 
gnificant beyond the .01 confidence level. 
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trials, but in every other way. i © 

y y, from birth to thi 
of the test trial, the treatment of this e sma 
identical with that of the experimental groups. One- 
half the 20 control animals was tested on each of the 


two mazes. 
RESULTS 


Experimental vs. conirol groups. The data 
make possible five comparisons of the perfor- 
mances of these groups on the test trial. Three 
comparisons appear in Table 1: frequency of 
cul entries, depth of cul entries, and time of 
test run. All three are significant at the .01 


confidence level. 
ror was recorded when 


A cul entry or an er 
an animal depressed one or more of the eight 
recording units in each cul, An entrance by the 


animal’s forepaws of about 1 in. was required 


to depress the first unit. The number of suc- 


cessive units depressed represents depth of 


entrance; each unit after the first indicating 
4 in. of distance. The mean depth per animal 
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n. more in the closed 


Closed a 
ed and the rat was given 1 mi 
mals started to 


box, (T 5 
E s average time before the an! 
was almost identical for the two groups: 


se 
c. and 83.50 sec.) Forty-eight hours after the last 
laced at the start 


X 
P ratory period, the rats were pl: t the 
Maze w appropriate maze and their behavior în the 
was recorded. , 
anima time limit was set for the test trial. All 
assiene, (including those in the control group) were 
Ente: ed 7 min. as their running time if they did no 
he goal box before this limit was reached. 
e control group was not give? the exploratory 


d-to-end runs without cul entries for 


is the sum of all entries divided 


animals. 

arse widitional comparisons are not included 
re le number of Ss making error- 
ae o for the control group and 


rimental group. 
the goal within 
rimental group, 


ent) for the expe 
of SS reaching 


trol group. 
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TABLE 2 
Frequency of Cul Entries during Exploration 
MAZE* PERIODS M od t 
A First 5 32.0 
8.77 2.90f 
Last 5 37.8 


A+ First 5 30.2 | nEs sast 


Last 5 40.2 | 


* For each maze, N is 20. 
t Significant beyond the .01 confidence level. 


IN FLOOR= UNITS 


MEAN DEPTH 
ut 
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End-to-end culless runs during exploration. 
After the third period of exploration, Ss of 
both experimental groups began to make runs 
from either end of a maze to the other end 
without entering any cul. These runs of about 
17 ft. were made in 15 to 25 sec. Only 3 of the 
40 animals made all their culless runs in one 
direction, and these three made, together, only 
five such runs from the goal box to the start. 

The end-to-end runs increased in frequency 
in successive periods but never consumed more 


EXPLORATORY PER 
IODS 
oo BB Sos Srde O wi 2 ais o s 16 a7 ie 19a 
TIME IN MINUTES i 
7 & = 6 4 FR 4 


S47 8 4 ae i se 


Fic. 3. Mean depth of cul entries during exploration of both mazes 


relative effectiveness of the two mazes on the 
test trial requires three /-test comparisons, Fre- 
quency of cul entries for the two mazes was 
not significantly different (p > .50). Similarly, 
the two mazes did not differ in depth of entries 
(p > .90) or time of test run (p > .70). 


than a small part of the total time of a P ei 
Figure 2 shows this increase in frequency *° 
Maze A and for Maze A+. 2 

Maze A+ elicited significantly more ¢ ar 
2.38, > < .08) culless runs during the explo" 
tory periods than Maze A. 
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a ie of cul entries during exploration. 
Suing th er of cul entries per minute increased 
significan e exploratory periods. To test the 
Mel for - of this increase, the combined re- 
vied A five periods have been com- 
peoi e combined results for the last 
e ax e s (Table 2). Although the time of 
hike ees periods was varied, the total 
ode wa os first five and for the last five pe- 
of ‘the se min., and equivalent subdivisions 
Comparison a were used. In making this 
ene ise, , the ¿ test for related measures 
hee opin of a entries during exploration. As the 
depth = of cul entries increased, their mean 
aie a in approximately equal 
signif ‘or the two mazes. The increase was 

cant at the .01 level, with / = 6.8. Fig- 


Exploratory ee 
roup 1 vs. Group 2 
gee |e | we | oe E 
ct a ag i alee eae 
2 | 32 | 155 | 5.75 pa Pf 


ur 
t : shows the mean depth of cul entries for 
le cote Ss. The mean for each 
aged ory period, as shown in the figure, is 
Aabe ct. 150 or more cul entries. The largest 

Cul r of entries in one period was 425. 
errors entries during exploration in relation to 
ack, Ae test trials. The experimental Ss have 
or Tra into two groups: (1) those making 
than 2 ore errors, and (2) those making less 
made “nee on the test trial. The group that 
test m ac smaller number of errors on te 
urin ade the larger number of cul entries 
Pref exploration (see Table 3). ; 

me he ence groups. We assumed that an 1M- 
ho slat ane for any one of the four 
ne ee conditions (dark vs. red dots and 
TOM coarse texture) could be detected by 
KANS of the 100 records of 3-min. periods o' 
a gra exploration. The 50 records for 
ne - vs. red-dots condition show that the 
the S between the mean for each half of 
ual ey and a mean of 90 sec. (representing 
ARA is 5.9 sec. This difference has a prob- 
indi y of .45, so a reliable preference is not 
i cated. The corresponding difference for the 
€ vs, coarse textures (37-1 sec.) has 2 prob- 
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ability of less than .01. A igni 
ie the coarse texture is oe i eg 
‘oarse vs. fine texture in relatio; i 

formance. Although the ERA vee 
group showed a reliable preference for te 
coarse texture, the test results of the pare 
mental and contro! groups did not vary with 

texture of the maze. For frequency of cul en- 

tries, p > .80; for depth of cul entries, p> -60; 

for time from start to goal, p > .20. í 


DISCUSSION ‘ 


The great superiority of the experimental 
over the control group js clearly shown by 
five different measurements of test per- 
formance. However, the pretest behavior of 
the experimental groups is known in some 
i includes end-to-end runs of the 
] entries. Is there any justifi- 
erm “latent” 
th the pretest Jearning? An 


affirmative answer to this question must leal 
with essential aspects of the latent-learning 
problem. ; à 

Although Ss of this experiment learned to 


discriminate the culs from the through path, 
to assume that @ similar 


een alternate Te- 
ired when- 
ing has been 
estion js; Will an im- 
iately discrimina- 
be no obvious 
jnvolved in 


start to goal imme 
maze. Entering the 


++ was plac in the ms aes 
after it was P% iaces restricted the possibili- 


ties of Í end-to-en! tet 
when Ss were placed at points near g 

the start, ways ente some culs be- 
f tarting ess run. Second, the culless 
i T th directions (goal to start 
a ) and in highly irregular se 


Phi 
is ene oration included repeated cul en- 
i P rsible episodes would en- 
oA Ss to make errorless test 


7 per cent 0 
able E an additional 22 per cent 
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4 of the 5 culs was only an unrealized possibility 
before the test. Third, although culless runs in 
both directions tended to increase in number 
on successive explorations, there was a parallel 
tendency for cul entries to increase in both 
depth and frequency. Under these circum- 
stances, the immediate occurrence of a com- 
plex pattern of appropriately goal-directed be- 
havior was certainly not manifest. Fourth, no 
direct or observable association of the responses 
at the five choice points and the thirst drive 
or the reinforcement of this drive had occurred 
before the test (3). Nevertheless, 48 hr. after 
the last exploratory period and 12 hr. after the 
second goal-box reinforcement, a highly sig- 
nificant number of errorless runs occurred. 

The first hypothesis is supported only by the 
results for the exploratory periods. All animals 
in both experimental groups had made culless 
end-to-end runs during exploration, and al- 

though Ss of Maze A+ made these runs more 
frequently, Ss of Maze A were not inferior to 
them on the test. 

During free exploration of a single T, Ss 
undoubtedly run repeatedly over the segments 
which will later constitute the correct pathway 
(4, 8), as they did in this study, but, since 
spatially separate choice points are not avail- 
able, evidence of learning is severely restricted, 
if not eliminated, by the experimental pro- 
cedure. 

The second hypothesis is supported with 
emphasis by the results. There was no de- 
crease in cul exploration; indeed, there was 
an increase in both frequency and depth of 
cul entries. 

Although there was an increase of both cul 
activities and culless runs in successive periods, 
during single exploratory periods the pattern 
or sequence of action shifted irregularly and 
often abruptly from successive cul entries to 
complete avoidance of culs and vice versa, 
Instead of a gradual reduction of cul activity, 
the results show an increasing frequency of 
completely accurate differentiations of cul ac- 
tivities and through-path activities. 

The very great reduction and elimination of 
visual cues probably favored the increase in 
frequency and depth of cul entries during ex- 
ploration. However, this limitation of visual 
cues could hardly be expected to favor error- 
less test runs unless increasing exploration of 
the culs enabled the animals to avoid them. 
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The results do show that Ss that were most 
successful on the test made the largest number 
of cul entries during exploration. 

In addition to detailed recording of explora- 
tory behavior in a multiple-T maze, the kinds 
of cues available to Ss made some aspects of 
perceptual learning clearly apparent in this 
experiment. The floor textures could be ex- 
plored only by movements of the whole body, 
whereas a visual texture can be explored over 
a relatively large area by less easily detecte 
head and eye movements. Nevertheless, move- 
ments are involved in each case. It seems rea- 
sonable to assume that the floor textures of 
this experiment and the visual textures Or- 
dinarily available to rats in mazes differ more 
in complexity and in the kinds of movements 
they elicit than in their sign function in per- 
ceiving. : 

The results support the general conclusion 
that the minimizing of irrelevant or nondiffer- 
ential features of the mazes and the addition 
of minimal, differential, visual cues have facili- 
tated perceptual learning during unrewarde 
exploration. A decrease in depth and fr equency 
of cul entries is not a necessary condition 0 
such learning, 


REFERENCES ä 
1. Hers, Frances H. Latent learning—non-rewa) 
followed by food in blinds. J. comp. Psychol 
1940, 29, 247-255. k: 
2. Hircar, E. R. Theories of learning. New Yor 
Appleton-Century-Crofts, 1948. f be- 
3. HULL, C. L. The mechanism of the assembly © ple 
havior segments in novel combinations suita ' 
for problem solution. Psychol. Re, 1939s 
219-245, itive” 
4. MacCorquopate, K., & Ment, P. E. “Cognita 
learning in the absence of competition © 42, 
centives, J, comp. physiol. Psychol., 1949, 
383-390. the 
5. MACCORQUODALE, K., & Mrent, P. E. On ein- 
elimination of cul entries without obvisi 4, 
Preen J. comp. physiol. Psychol, 195% 
-371. nb 
6. Munn, N. L. Handbook of psychological research o i 
y ral; an introduction to animal psycho 
7 oston: Houghton Mifflin, 1950. -peri- 
7. REYNOLDS, B. X repetition of the Blodgett 45, 
ment on ‘latent learning.’ J. exp. Psychol 
35, 504-516. Jaten 
. Sewarp, J. P. An experimental analysis a 
learning. J. exp. Psychol., 1949, 39, 177-180 yent 
THISTLETHWAITE, D. A critical review o pill» 
learning and related experiments. Psychol- 
1951, 48, 97-129. 


Received September 4, 1952. 


NEED REDUCTION AND PRIMARY REINFORCEMENT: 


MAZE LEARNING B = 
7 LD SAL 


CALVIN W. THOMSON? anp PAUL B. PORTER 
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Ac 
ea problem regarding the nature of 
ith neei ent is whether it is to be identified 
is: basici reduton (4, p. 107). This identity 
mary cout u's (5) distinction between pri- 
Spears 4 eo reinforcement, and it 
fos pega e necessary if we are to escape 
solely b z wherein we know a reinforcer 
factual Ea its capacity to reinforce. Yet the 

“Prima sis of the identity remains obscure. 
denii ry reinforcement” is a term fre- 
be as e i: the literature, but not always, 
ane e ly, is it used strictly in accord- 
Most auth, e need-reduction hypothesis. To 
rat is pri ors the ingestion of food by a hungry 

Tullian mary reinforcement. And normally, 
But ty gees reinforcement does result. 
stimulatio n need-reduction hypothesis, the 
is SEd rom the food and its ingestion 
teinforcin ry reinforcement which has acquire 
tion a properties by reason of its associa- 

Soothes need reduction (5, p. 99). If this 
Problem is is to conform to the facts, then the 
to show a to accumulate conforming facts: 
not int at tasting and ingesting food are 
iti herently reinforcing but that assimilat- 

food is. 

e Senie of this problem demands that 
gestion he ation from the food and its 10- 
dlogic i dissociated from the natural phys 
eal-fistul sequences. To this end the esophag- 
P. 99. i0 experiment is often suggested (9, 
ment ‘6 Pp. 256-257; 17), but the experi- 
iiare “ties difficult technically that data from 
lemme slow to accumulate (6, 8, 9). An 
sented ig method of dissociation was Pre 

y Sheffield and Roby (15). They di- 


1 
yi 
dite for this paper were gathered by C. W. Te 
tece ented in different conte (titled “Chemo- 
the Whig Learning, and Specific Hunger Behavior in 
Ments ae Rat”) in partial fulfillment of the require- 
Sponsible | the Ph.D. degree. P. B- p. is largely Te- 
a Sible for the present treatment. 
A. & MA, State 


Calre at New Mexico College of 


©, New Mexico. 
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vorced need reduction from the direct stimu- 
lation of ingestion by using 2 nonnourishing, 
swweet-tasting saccharin solution as the in- 
centive. Their results were, they believed, 
most easily explained by the assumption that 
the sweet taste was itself rewarding, that need 
reduction neither established nor supported 
the reinforcing character of the taste. That 
explanation is reasonable. If accepted, it 
means that at least some primary reinforce- 
ment is directly sensory- However, the experi- 
ment did not rule out entirely the possibility 
of need reduction as the fundamental basis 
of reinforcement, for even aside from pre- 
experimental experience of the animals, they 
were receiving food regularly, and at least 
once a day flavor stimuli (including sweet) as 
secondary rewards were receiving strong pri- 
mary reinforcement. Further, although sac- 
charin is nonnutritive, it is not entirely with- 

t (2), albeit the effect 


out physiological effec 
d need reduction. 


the Sheffield and Roby 
| insensitive 


st whether nee 
erate secondary- f 
iated with 


METHOD 
s to make a 


> erimen! s A 
Briefly, the Ta d anosmic rats sodium deficient 
st ingle-unit T maze 1D 


which saline was 
similarly trained as & control. 
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Subjects 


The animals used were 21 Wistar albino rats reared 
locally. Eight of the rats were made sensory deficient 
and sodium deprived (Group E); 8 were sodium 
deprived only (Group A); and 5, nondeprived (Group 
B). Two rats of Group FE were discarded from the 
tabulation of results because preference tests indicated 
them to be sensitive to weak saline. (Data justifying 
the discard of these animals are presented by Thomson 
[16, p. 75].) The rats were approximately 7 mo. old 
when those of Group E were made ageusic, 8 mo. old 
when these same animals were made anosmic, and 15 
mo. old when all were trained. 


Surgery 

The operations to produce ageusia consisted of 
bilateral sectioning of the lingual (including the chorda 
tympani) and the glossopharyngeal nerves. The vagus 
was left intact. In order to minimize regenerative 
reinnervation and functional recovery, as much of the 


TABLE 1 
Composition of Synthetic Diet 


| PER CENT | 


CONSTITUENT | | CONSTITUENT | eo as 
| WEIGHT | | WEIGHT 
Casein (“vitamin | 20.7 | Sucrose | 51.9 
free”) | | 
Corn oil (Mazola) | 13.7 | Cellu flour | 8.7 
Sats oo | 3.5 | Vitamin B | 1.4 
ree | complex | : 
Oleum Percomor- a“ j 
phum (40 drops | 


per kilo) | | 
EE ee S 

* Parts by weight: KC MgSOu, 13.3; KH:POu, 9.6; KPO; 
23.4; CaHPOu, 13.3; ferric citrate, 2.9; calcium lactate, 31.9. i 


distal portions of the nerves as possible was pulled 
out. This operation greatly reduces but does not 
eliminate the rat’s sensitivity to salt (11). In addition 
because of the remote possibility that some of the 
residual sensitivity is olfactory (we are aware of no 
direct evidence either way), it was decided to attack 
olfaction also. This was done by severing the olfactory 
tracts with a cautery. 

At the termination of the experiment the operates 
were subjected to macroscopic post-mortem examina- 
tion. Some regeneration of Nerve VII was evident in 
four of the six animals, and of Nerve IX, in three, 
Degeneration of the olfactory bulbs was complete in 
three animals and nearly so in the remaining three. 


Diets 


During most of the experiment the animals were 
fed the regular laboratory diet of Purina dog pellets 
ad lib.’ and Group B was so maintained throughout 
the experiment. Sodium deficiency was induced in 
Groups E and A by maintaining the animals on the 
sodium-low diet described by Table 1. The deficiency 
was induced on two occasions, each of which consisted 
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of a 14-day depletion period plus, in the first instance, 
24 days of preference tests, and in the second instance, 
the period of maze training. The periods of deprivation 
were separated by 14 days on the regular laboratory 
diet. 


PREFERENCE TESTING 


In order to determine the effectiveness of the 
sensory deprivations on Group E, Groups E and A 
were subjected to preference tests for saline. The tests 
were run twice, first under conditions of norma 
laboratory maintenance, then under conditions ° 
sodium deprivation. 


Method 


_ The rats, individually caged, were each presented 
with two Richter-type drinking tubes. One tube con- 
tained saline, the other, distilled water. The salt con: 
centration in the saline tube was increased every 
hr., as indicated along the abscissa of Figure [i : 
control possible tube and position preferences, Es 
locations of the saline and the water were alternate 
every 24 hr.; i.e., the drinking tubes were not mover 
but the contents were. A preference threshold nies 
taken to be indicated when the.animals drank ou 
nificantly more of one fluid than of the other- 

After completion of the first test series, thea for 
were continued on the regular colony regimer nd 
seven days. Then sodium deprivation was begun, EE 
after a 14-day depletion period a second test series © 
run in the same manner as the first. 


To 


nimals 


Results 

d wate! 
show? 
n for 


_ The mean quantities of saline an 
ingested during the preference tests are 
in Figures 1 and 2. Before deprivatio 
sodium the Group A animals exhibite 
preference for saline similar to that fonie 
by other investigators (e.g., 1, 18). Under a 3 
ditions of sodium deprivation these sam? 
mals showed an exaggerated preferenc? est 
saline, the threshold being below the oi 
concentration of salt (0.01 per cent) ten ers 
again a value similar to that found oe 
(1, 13) for sodium-deficient (adrenalectomi?? 
rats. jne 0 
Group E showed no preference for sel at 
Concentrations less than 0.4 per cent 54 poth 
approximately this concentration, unde esë 
the normal and the sodium-low dietary» t ich 
animals began to show a preference : con” 


became more pronounced at the bigbe" 
centrations, 


G 
INITIAL DISCRIMINATION TRAINING gts 


e 
From the evidence collected in the preferen to thy 

a concentration of salt which was supert 

normal rats but subthreshold to the sensory 


NEED REDUCTION AND PRIMARY REINFORCEMEN > 283 
CTI AN ENT 
Ži 


was select: 
ed. Thi 
hen. ú : s concentrati 
sed į 1 ion (0.1 pe : 
The problem. Ds keepin ge Cia Tse 
discrimination. the animals was a simple right-left 


Method 


In this ph: 
animals > piese of the experiment all three groups of 
Sodium ding used—Group E (sensory rSn d 
Group B PA E A (sodium deprived) and 
Eis a epava). Spa E and A were, "ter 
ays on the regular labora- 
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entration, uatiniscance = 3.86, 6 df) first appeared at b 
Dpeared thereafter Pe concentration (= 0.96), 


Fic, 1 
mee ee quantities of fluid i 
net A uid ingested by the rats 
z tages of sodium. (Each point 3 presents 
an zero runk in 48 hr. Concentrations greater 
are spaced on a log scale.) 
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in two days, and for all, in three. On each Pani ie m 
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the goal box tor 3 min. Or until it 
rank. If the animal drank, it W immediately removed 
goal box and placed jn a holding cag until 

șa training WaS designed to teach the 


from the g€ ba Ta n 
i a on Ae and to drink. Differential 
running to water and to line mie have been set up 
1 e 
ener ag! br roed trials run under the motiva- 
tion of water deprivation . ne animals were given 10 
days of discrimination raining. On these days they 
were not deprived of water; the only special motivating 
condition being e sodium neec- They were free to 
choose either ar the maze, but not to reverse a 
choice once ‘our trials, about 15 min. apart, 
were given i Occasionally a rat would delay 
leaving the st pox for long as 3 min- When this 
occurred the 14 1i ed from the maze and the 
trial recorded “no choi ” (Out of 720 trials 
per rat], 62 W upo choice.” The distribution of these 
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trials was: Group E—24 trials, by 2 rats; Group A—16 
trials, by 3 rats; Group B—22 trials, by 2 rats.) On 
each “choice” trial the rat was confined in the goal 
box for 2 min. or until it drank. Drinking was in each 
instance limited to a couple of laps so that the sodium 
deficiencies would not be overcome by the ingestion of 
saline. 
Results 

The percentages of correct choices are sum- 
marized in Figure 3. Groups E and B never 
deviated significantly from chance (50 per 
cent correct) in their choices, nor did any 


100 


GROUP ÈE = 
GROUP A 
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Fic. 3. Percentage of choices made to the correct 
(saline) side of the maze 


7 8 9 10 


individual animal. Group A animals improved 
in percentage of correct responses fairly 
consistently. By the end of training, all of 
this group had learned to choose the arm 
which held the saline; no rat made more than 
one error per day on any of the last three 
days. a 

On reaching the goal box an animal might 
or might not drink. Figure 4 shows the per- 
centage of opportunities to drink which re- 
sulted in drinking. For the first seven days, 
the experimentals (Group E) drank about half 
the time and with approximately equal fre- 
quency in each goal box. On the three follow- 
ing days, correct choices were followed by 
drinking approximately 90 per cent of the 
time, whereas incorrect choices were followed 
by drinking 50 per cent of the time as before. 
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The chi squares, corrected for continuity, re- 
lating to this differential drinking on days 8 
to 10 were, for the individual rats: 0, .4, 0, 
.04, 4.3, and 6.3, 1 df. The two rats which 
seem here to be discriminating are those con- 
sidered below in step e of the modified dis- 
crimination training. Discrimination by the 
Group A rats is obvious. The Group B rats 
(not represented in Fig. 4) drank on about 
half their trials and indiscriminately in the 
two goal boxes. 


lOO eee , 
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_ Fic. 4. Percentage of choices followed by drinking 
in the chosen goal box 
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MODIFIED DISCRIMINATION TRAINING 


During the initial training period the Group A a 
learned the location of the saline, indicating that the 
problem was readily learnable and that the sodium 
deprivation provided a sufficient motive. The Group 
E animals failed, and it was decided to modify n 
training procedure for them as might prove necessary 
to overcome that failure. 


Method 


___The modified training procedure included the fol 
Ing sequence of events: 
, a. Four days of alternating free and for 
our per day, under 12 hr. of water depriva 
forced runs were to the side not taken on the fre 
b. Two days, four trials per day, on which all t 
were free choice. On these days the rats were j 
deprived of water. ich 
c. Two days, without water deprivation, on on 
all four trials each day were forced to the cor? 
(salt incentive) side. 
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d. Th j ; 
without “eae runs, four per day, 
[2 s 5 
ens Pea ra still choosing at the 50 per cent level, 
Siae Ton repeated with the incentive solution 
ee ie ? superthreshold strength (0.8 per cent). 
eie Toiy experimental rats not included in 
n wick at ko Group A rats, extinction trials were 
training w stilled water in both goal boxes. This 
formed a continued until the preference for the 
y rewarded goal was no longer shown. 


Results 


St : 
Schaal a resulted in regular drinking by all 
als on all trials, thereby again permitting 
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More Nag the correct side progressively 
Squares, en (days 19 to 21, Fig. 5). The chi 
hese se corrected for continuity, relating to 
: aha te of these four rats were: 1.5, 2.1, 
t int 15, 1 df. Or, as there was no signifi- 
trial eraction, the corrected chi ne 
Cores a of all four rats was 9-6, 1 df. Time 
i mproved correspondingly: 
the iat Te 5 isa comparison of th 
ats trained on step f. The P" 
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e choices of 
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performance is shown also. In extinction, the 
performance of the Group A animals deterio- 
rated on the first day, whereas that of Group 
E did not. The difference between the mean 
changes in percentage of correct responses was 
reliable, as indicated by a ¢ of 3.27, 6 df. 
Furthermore, there was a qualitative differ- 
ence in the animals’ reactions to the distilled 
water in the formerly correct goal. On the 
first trial the control rats started to drink as 

usual but immediately left off, turned around, 

and tried to leave the goal box. On the second 
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the Group E rats below the incentive concen- 
tration. The statistical nature of thresholds 
makes this difficult of demonstration, but the 
diffculty may be met by a review of the perti- 
nent data. First, there is the failure of these 
rats to discriminate in favor of the incentive 
concentration of saline during the preference 
tests. The Group A rats exhibited a preference 
threshold of about the value reported by Pfaff- 
mann and Bare (11) as the probable absolute 
threshold. This suggests that when receiving 
a sodium-deficient diet, as when adrenalecto- 
mized, the rat’s preference threshold may be 
taken as an approximation of its absolute 
threshold. Inasmuch as the Group E animals 
were ingesting, during the preference tests, 
even less saline than those of Group A, their 
need for sodium must have been at least as 
great. This need would be somewhat allevi- 
ated by the salt taken in through the in- 
discriminate ingestion of saline and distilled 
water, especially as the concentrations of salt 
became greater; but accepting McCoy’s state- 
ment of the rat’s sodium requirement (7, p. 
98), one finds the need would not have been 
overcome at any concentration below 0.4 
per cent. It is, presumably, a coincidence that 
this concentration also marked the preference 
threshold. Second, the behavior of the four 
Group E animals given extinction training 
was hardly consonant with the hypothesis that 
these animals could distinguish between the 
incentive saline and the substituted distilled 
water. 

Also relevant to our problem is whether the 
preferences shown by the Group E rats reflect 
learning related to the ingested saline rather 
than to some other factor. The first question 
here is of the adequacy ofthe evidence that 
four rats of Group E learned the maze during 
step d of the modified training. Although the 
chi squares are low, several factors support 
the judgment that learning occurred. The 
improvement in performance following the 
forced trials of step c was progressive; it seems 
not to have been a simple continuation of the 
forced-trial behavior. Further, psychological 
literature no place reveals that forced trials, 
usually called guidance, are very effective in 
producing the stereotypy characteristic of the 
maze habit. It is also noteworthy that the 
preference for the correct alley deteriorated 
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as soon as the saline was replaced with water; 
it apparently depended upon the saline rein- 
forcement. And finally, the training procedures 
followed appear peculiarly unsuited to the 
development of position habits unsupported 
by reinforcement; no rat of any group chose 
the water side of the maze on all four trials 
of any day or even on three trials of the four 
for more than two days consecutively. Thus, 
it appears that at no time were the rats choos- 
ing randomly; rather they were exhibiting 
throughout training either a saline preference 
or an alternation preference. 

If we grant that the saline was in fact 
subthreshold but yet the rats ran the maze for 
it, it follows that need reduction can support 
learning—that under certain conditions, at 
least, primary reinforcement is identical wit 
need reduction. This is not the complete pro? 
of Hull’s identity hypothesis, but a step; still 
to be shown is whether no class of stimulation 
is reinforcing antecedent to its association wit 
need reduction. 

Although our data support one aspect af 
Hullian theory, they appear critical of another. 
This is the gradient of reinforcement. Hul 
(5, p. 142) supposed that for rats the gradient 
of reinforcement is limited in time to s0M€- 
thing less than 30 sec. In our situation th!S 
interval must be far too short. Fifteen minutes 
was the interval between trials, but apparent y 
it was not long enough for need reduction o 
inforcement) to occur. During the training 
period when choices were first to one then, a 
the other goal, neither choice was real 
in need reduction, although both togethe 
were. Later, when all choices were force 9 
the correct side, the need reduction ora 
quent to the ingestion of saline could K 
unequivocally associated with that goal bor 
and learning occurred. This interpretation F 
not controverted by the possibility that Ta 
of the Group E rats may have learned : 
discriminate saline during the first trainin 
series; one need but suppose that for then? 
sufficient degree of need reduction occur’. 
between trials whereas for the others 
degree was reached only between days. 


SUMMARY je 
A ’ 2 ad 
Six ageusic and anosmic rats were eae 


sodium deficient and then trained on 4 S! 
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uni wn f š 
ee T ees in which subthreshold saline 
Beet oat Eight normal animals were 
mal Ea reated and trained, as were five nor- 
ae made sodium deficient. The sensory- 
ean, rats failed to learn the maze until the 
i ae procedure was modified so that for 
Vids bo trials were forced to the saline 
dina whe» the concentration of the saline 
ie to a superthreshold value. 
Baie on hn choose the goal box containing 
eared old saline is taken to indicate that 
IRAT uction can serve as reinforcement in- 
Pee direct sensory “reward.” To 
fees that need reduction can so serve is a 
Sait Pe in substantiating Hulls hy- 
ee of identity between need reduction 
primary reinforcement. 
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QUANTITY OF FOOD INGESTED AS A MEASURE OF RELATIVE ACCEPTABILITY 


PAUL THOMAS YOUNG anp JOHN T. GREENE 


University of Illinois 


In a previous experiment (7) it was found 
that two methods of testing preference gave 
different results. With one method rats were 
housed in individual testing cages and given a 
24-hr. continuous choice between two fluids— 
distilled water and a sugar solution. The rela- 
tive quantities of fluid accepted per day indi- 
cated a peak concentration, or optimum, at 
about 8.5 per cent. The existence of an optimal 
concentration confirms a previous finding of 
Richter and Campbell (5). With another 
method of testing, the two fluids were exposed 
briefly for choice on the preference apparatus. 
With this brief-exposure preference method it 
was found that a 50-per cent sugar solution 
was preferred to a 4-per cent solution and that 
both of these were preferred to distilled water. 
In other words, the higher the concentration, 
the greater the acceptability, no optimal con- 
centration being apparent. Since completion 
of the present experiment, Stellar and Mc- 
Cleary (6), relying upon the quantity of food 
accepted as a measure of relative acceptability, 
reported that relative acceptability varies with 
the method of testing preference. 

The present work was undertaken to ex- 
plain why different methods of testing prefer- 
ence yield different results. The conditions of 
maintenance and pretest deprivation employed 
in the former experiment were modified so that 
a better comparison of methods could be made. 


METHOD 


To eliminate the possibility that bodily need is a 
factor in the results, rats used as Ss in the present 
work were housed in group cages containing an un- 
limited supply of Purina rodent cubes and tap water. 
The animals were removed from maintenance cages at 
the start of every preference test and returned im- 
mediately after completion of the test. 

The brief-exposure technique and preference ap- 
paratus have been described elsewhere (8). In this 
technique rats are trained to shuttle between a starting 
box and a pair of test foods. When one food is accepted, 
both are lowered from reach of the animal. The choice 
is recorded. 

The apparatus employed in tests with continuous 
exposure of fluids has been described in a previous 
paper (9). The front of the apparatus is designed so 
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that from 1 to 5 Lucite blocks, each containing a 1-in. 
drinking cup, can be inserted in the cage. Each block 
supports a glass tube partly filled with test fluid. 
Block, tube, and contents can be weighed on an ordi- 
nary balance with a precision of 0.1 gm. The tube con- 
tains a float and filament for continuously recording 
the rate of acceptance. , 
All tests of relative acceptability were made with 
sugar (sucrose) solutions. We selected, for special 
study, concentrations of 9, 18, and 36 per cent. Sup- 
plementary tests were made with distilled water (0.0), 
with a 60-per cent sucrose solution, and with crystal- 
line sucrose (S). The percentage concentrations in the 
present work are all by weight of solute and solvent, 
€.g., a 9-per cent solution contains 9 gm. of sucrose 
and 91 gm. of distilled water in 100 gm. of solution. 


RESULTS 
Tests with the Brief-Exposure Preference M ethod 


Six rats, three of each sex, were given 4 
series of preference tests with the brief-expo” 
sure method. Each rat was given a series © 
100 choices between sucrose solutions: (a) at 
36 and 18 per cent, (b) at 36 and 9 per cents 
(c) at 18 and 9 per cent. The order of taking 
the tests was rotated so that two of the rats 
commenced with the first combination of solu- 
tions, two with the second, and two with en 
third. No solution, therefore, had any consist 
ent advantage of priority. ive 

In scoring the tests, a pair of successit” 
choices, with the foods in the AB and BA P mai 
tions, was rated as a unit. Each pair of succes 
sive choices was counted as showing: (4 
preference for the higher concentration, OF 
no preference (=), or (c) a preference for 
lower concentration, Twenty successive cho 
(ten pairs) constituted a test in the tabulato 
of results. ings 

Table 1 is a summary of the total finding? 
for the group of six rats. The results have pan 
fractionated to show the preference in suc’ 
Sive tests each summarizing 120 choices 
pairs). A grand total of 1800 choices (Pe 
Pairs), equally distributed among the a 1. 
pairs of test fluids, is summarized in Tab nce 

The table shows a well-marked pretent a 
for the sucrose solution having the higher + 
centration, i.e., the sweeter solution. The 
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| strate Lee tests, therefore, demon- 
ef Sucros y that the higher the concentration 
e solution, the higher the level of 
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creasingly preferred to the 36- i 
The range of indifference E pape es 
large and the preference not as decisi E 
with the 9 and 0.0 fluids. ae 
Finally, we ran a test of 50 choices (25 pai 
per rat with the 36-per cent E aE 
talline sucrose (S). The results are summarized 
at the right in Table 2. The 36-per cent solu- 
tion was consistently and increasingly preferred 
to the sugar crystals by all rats in every test. 
th four naive rats, three 


Tn a control study wi 
preferred 36 per cent to S, and one preferred 
S to 36. Just where the acceptability of S would 


a A 
Cceptability. 
es TABLE 1 
esults of Preference Tests with Three Concentrations of Sucrose 
TEST NUMMER 
SUCROSE CONCENTRATION 
7 — ae ye 18 36 = 9 18 = 9 
2 is 36 15 34 als | 2) Se 
3 5 36 11 35 21 4 a | 2 5 
4 on | 26 10 37 23 0 30 | 2 3 
5 ei mt 4 3 | 5 0 34. | 2 | 2 
ey ay | 4 co 1 ee Pies! 
Total eres | m) ML eee ee ee cae ee 
w | 156 | 8 | 9 95 12 | 146 32 | 2 
ions of concentration 
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able 1 es taining the results summarized in 
centrations wished to extend the series of con- 
Presented ; above and below those originally 
bove stat order to discover how far the 
test on principle held true. First, we ran 
and distill 4 en a 9-per cent sucrose solution 
Stoup of ed water (0.0). The results for the 
left in Tabl animals are summarized at the 
Were sented le 2. Pairs of successive choices 
ten runs ie d tabulated by successive groups 
°C read lik (five pairs) per rat. Table 2 shoul 
tests ig f Table 1. The result of the series 
icten lecisive. All rats showed a marke! 
Solution o Smg preference of 9-per cent sucrose 
Ecreasin a distilled water (0.0). The rapidly 
Bests hat ean Gest of indifference (=) SUS 
acceptabi ese two fluids are widely separated 
Shown j ility when compared with the fluids 
Vex in Table 1. 
Was Pe a test of 80 choices (40 P 
®ohutions eee the 36- and the 60-per cent 
- The 60-per cent concentration was 
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he total one near to saturation. Results for 
group are summarized in the central 
Jear that the 


Co} 
ly and in- 


airs) per rat 


umn: 

s 

Oper sh Table 2. Here it is € 
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lie in relation to solut 
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result with S makes it ¢ 


is an exception to the gene 
tability increase 
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Jear that solid sugar 
ralization that the 
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probable explanation lies in differ- 
i texture, and appear- 
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plotted against the logarithm of the concen- 
tration, the points departed but slightly from 
a straight line. In other words, there appears 
to be a linear relation between the level of 
acceptability, as tested, and the log of the con- 
centration. It is probably correct to assume 
that the sweeter the taste the more acceptable 
it is. 

Discussion. Results of preference tests agree 
with our previous findings with rats (7) and 
with the results of Engel (2) obtained with 
ten human Ss. Engel instructed his Ss to take 
about 10 cc. of sugar solution into the mouth 
for 20 to 30 sec. and then to report “‘accep- 
table,” “indifferent,” or “unacceptable.” Dur- 
ing six experimental sessions he obtained 56 
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acceptance during any continuous exposure. 
For each animal we obtained: (a) the intake, 
i.e., the total number of grams of fluid con- 
sumed during a 1-hr. period, and (b) the cumu- 
lative curve of acceptance. 

Each rat was given a series of 12 daily 1-hr. 
tests for each of three solutions. Five Ss took 
the tests in an ascending order of concentra- 
tion: 9, 18, 36 per cent, and five took the tests 
in a descending order: 36, 18, 9 per cent. Tests 
were made on weekdays only. 

Table 3 is a summary of the quantitative 
data for the group. For each rat individually! 
as well as for the group, the higher the con- 
centration, the lower is the total intake of 
fluid during a 1-hr. drinking period. If the 


TABLE 2 
Pr Preference Tests with Sucrose Solutions, Distilled Water, and Crystalline Sucrose 
TEST NUMBER ae TEST FOODS D 
2 = 0.0 = --;——- — 
Zoe s le fe fs CS 
1 18 12 0 5 | 48 | 7. =| : | T ~ p 
i 1 
3 $ 2 Q | 4 1 oO 24 5 1 
4 30 " of 24 a a 23 | 7 0 
5 29 : 0 33 j 27 0 30 0 0 
Ma 5 | | 2 | 4 oF 
Total 134 16 | 0 ie Ss en PEE EES (eee Aner = 
| a | ast | 8 | im | 2 5A 


reports for each of 11 concentrations. The 
graphic presentation of his results demonstrates 
that the frequency of the report “acceptable” 
increases with concentration from 1 to 9 per 
cent; above 9 per cent there is a ceiling and 
no decrease. Engel failed to find a peak, or 
optimum, at 9 or any other per cent. Moreover 
four Ss reported “very acceptable”; the ke 
quency of this category of report increased 
steadily with concentration from 9- to 40-per 
cent (the highest) concentration. . 

Engel’s human Ss and our rats (in two ex- 
periments) thus agree that the higher the con- 
centration of sugar solution the more accep- 
table it is. 


Acceptance Tests with the Single-Stimulus 


Method 


Ten rats were tested simultaneously in in- 
dividual cages for exactly 1 hr. Each cage con- 
tained a single sucrose solution presented in a 
container designed for graphic recording of 


quantity of fluid accepted is a true measure 
of acceptability, then the 9-per cent solution 
is definitely more acceptable than 18, and the 
18 is more acceptable than 36. f 

Figure 1 is based upon measurements © 
the acceptance curves during a series of 1i 
tests. The upper curve is based upon measure” 
ments of 60 graphs (five rats, 12 days) wilh 
9-per cent sucrose solution. The lower cue 
is based upon measurements of 60 graphs Oe 
other rats but the same 12 days) with a 36 
cent sucrose solution. Measurements of ie 
graphs were made at 10-min. intervals throug? 
out the hour, and each point in the figure 1° a 
average based on 60 measurements. The figu 

Individual data showing the range of fluid inv? 
and average fluid intake for each concentration ijon 
been deposited with the American Docume? 
Institute and may be obtained by ordering Docu, 
4019 from the ADI Auxiliary Publications Pro} 
Photoduplication Service, % Library of. ©? 
Washington 25, D. C., remitting $1.25 for m 
or $1.25 for photoprints. 
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cle: 
Sel econo that the rate of accept- 
unite = cent solution is consistently higher 
in at ail € of accepting the 36-per cent solu- 

cata times during the 1-hr. test. 

bert T Pe at the left, the total num- 
aah ae of fluid consumed in all 12 tests 
‘iti oe tee a fair comparison, the data 
eee r at died before completing the last 
, were deleted. From these totals we have 


TABLE 3 

Intak i 
e of Single Sucrose Solutions, in Grams of Fluid, 
during 1-Hr. Drinking Test 


CONCEN i 
= (PERE | ANS noo ton | 2) 
= =| n | S 
i | 17.0 | 3.48 
5 3s | 1.84 
| 11.34" | 1.31* 


SD’s are 


* Based 
th sed on data from nine Ss yerages 
a A on gata. from | Ss. Other averages and 


AVERAGE CUMULATIVE INTAKE PER HOUR 


30 7 2 o 
Tro MINUTES 
. 1. Average cumulative intake, in grams of 
ented singly for 


uid 
of H 
ire Ao eucrose solutions pres 


Com: 
puted the number of grams of sucrose and 


the 
Bhat onion of grams of water received from 
the rat ution. Table 4 shows that although 
than = took less of the 36-per cent solution 
ined ¢ oa 18 and the 9, they actually ob- 
5 Ree pa more sucrose from the con- 
Centrati solution. In fact, the higher the con- 
‘he je the more sucrose (relatively) an 
sult i pe (relatively) they ingested. T! e 
rawn ` efinitely out of line with a conclusion 
ues aume (4) that the absolute 
Bend, t of sugar absorbed is essentially inde- 
ent of the concentration. Unfortunately, 


291 


hei nn i pi 
: HE equately support his own con- 
clusion. It is clear that the quantity of sucros 

; 5 : e 
and of water ingested is a function of the con- 
centration. 

Discussion. If the quantity of food accepted 
(grams per hour) measures acceptability, then 
the 9-per cent solution must be regarded as 
more highly acceptable than the 36. If the 
rale of acceptance, aS recorded in the graphs, 
is a measure of relative acceptability, again, 
the 9-per cent solution must be regarded as 


more acceptable than the 36 at all stages dur- 


ing the 1-hr. test. 
This greater acceptability of sugar solutions 
at a concentration of 9 per cent agrees with 
the findings in other studies in which the quan- 


TABLE 4 
Water Consumed (grams) 


Amount of Sucrose and 
GRAMS sucrose! GRAMS WATER 


% lrorar SOLUTION 
| CONSUMED CONSUMED CONSUMED 


| 
1530 | 
| 


A has been taken 
tity of ioo . As mentioned 


above, Richter and Campbell (5), in preference 
n distilled water an 


rs, found 4 
er cent; and Young 


pility at about 8 t 

ility for sucrose 
riments have 
sugar solutions 
ther but always 


wilh o 1-Hr. Exposure 


chr. tests with single stimuli, 


Felon er imi ference test 
„on a similar Pre er i 

me a we m Each cage was provid 
vi h fee L jte-block CUP® ne cone a 
ae se solution d the other & 
ae za p. The cup were symmet 
z ne 5 second d fourth of the 
rically P 


292 


five positions in the testing cages. Relative 
positions of the cups were interchanged from 
day to day as a control upon possible position 
habits. Each rat had exactly 1 hr. in the testing 
cage with a free choice between the two sucrose 
solutions. Intake in grams of fluid was deter- 
mined as before by an initial and final weigh- 
ing. 

The total number of grams of fluid ingested 
during the hour is shown for each fluid in 
Table 5. For the experimental group each figure 
is an average based upon sixty 1-hr. prefer- 
ence tests. The individual data? indicate that 
of the 60 tests, 54 showed a greater acceptance 
of the 36-per cent solution than of the 9-per 
cent solution. Of the 6 exceptional results, 5 


TABLE 5 


Intake of Two Sucrose Solutions, in Grams of Fluid, 
during 1-Hr. Preference Test 


| CONCENTRA- 


ao [Oer | Aer | sp 
(per cent) | (gm.) | (gm.) 
Experimental 9 | 2.97 | 2.42 j 
36 | 9.74 | 2.65 

Control 9 | 3.49 | 1.21 
36 | 810 | 2.60 


were obtained from a single animal. In general, 
there was a very marked preference for the 
36-per cent solution, as shown by relative quan- 
tities accepted. 

It is instructive to compare the intake of 
these fluids (Table 5) with the intake of the 
same fluids when presented singly (Table 3). 
Nine of the ten rats were Ss in both tests. 
The rats took slightly less 36-per cent solution 
in the preference test than in the test with 
single stimuli, but in both tests the average 
intake was in the same range. With the 9-per 
cent solution, however, there was a marked 
drop in intake. The animals took from 2.3 
to 20.6 times as much 9-per cent fluid when 
it was presented singly (without choice) as 
when it was presented along with the 36-per 
cent solution (with choice). The single deviant 
S took 2.5 times as much 9-per cent solution 
in the single-stimulus situation as in the two- 
stimulus situation. 


? Individual data are available in the tables de- 
posited with ADI and may be obtained by ordering 
Document 4019 from ADI. See footnote 1 for details. 
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Figure 2 shows the average intake of the 
two sugar solutions during six successive tests. 
The curves reveal the consistency of prefer- 
ence for the 36-per cent solution. The differ- 
ences in intake for the six tests are all signifi- 
cant at better than the 1.0-per cent level of 
confidence, using a sign test. 

We thought that this decisive result might 
in some way depend upon the experience of the 
rats. The rats had been given preference tests 
with these fluids with the brief-exposure 
method, and they had also experienced the 


AVERAGE INTAKE PIR HOUR 


vays y 
Fic. 2. Average intake per hour, in grams of fluid, 


: : K = ê 
of sucrose solutions during six successive preferenc 


tests 


test fluids repeatedly during work with single 
stimuli. Did previous experience with the test 
fluids in part determine the result? 

To answer this question ten naive rats Were 
given the same preference test on four succes- 
sive days. The naive animals were of the su7° 
age as the experimental rats, and they had eal 
the same dietary history. Although the c0”- 
trols had been used as Ss in tests with BE, 
charine solutions, they had never experienc? 
sugar solutions in any form prior to the p"° 
ent work. f 

Table 5 gives the average intake in grams a 
fluid for the control group in a series of eo 
preference tests. Without exception the ©? e 
trol rats took more grams of the 36-per C°% 
solution than of the 9-per cent. There ger 
however, several unexplained reversals of p 
erence on the last test. The significance O° o, 
difference was computed for the contro on e 


. i DS 
A sign test of the data showed a gape 
Significant at the 1.0-per cent level. ° wi 


clude, therefore, that previous experienc 


er 
i ee rd 
sugar solutions was not a decisive fact 
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termining t 
ning the prefe: i 
experimental oip- ence shown by rats in the 


DISCUSSION 


Beebe- 
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Presented te e per diem intake of a fluid 
the concent = Sinple container, varies with 
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ETERS a the single-stimulus method 
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Ta n oreen this method might be 
sults, a ying preference. The present re- 
Emul, a indicate clearly that the single- 
for iii hod does not give a correct basis 
results cS of preference. On the basis of 
dict a con marized in Table 3 we should pre- 
cent su ages preference of the 9- to 36-per 
Faba adeat contrary to the actual 
and contr: emonstrated by results in Table 5 
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Prefer ummarized in Table 1. 

Berseri w the possibility of choice. 
uid, ther y» when there is only one stimulus 
Preference. a no possibility of showing a true 
Present inv | the techniques employed in the 
relative ac estigation are methods for studying 
tive is al of test foods; but the rela- 
Stimulus nee as revealed by the single- 
acceptability a is different from the relative 
mips here s revealed by methods that 1m- 

O' P 

plained? Tr the discrepancy of results be ex- 
Sider robe aad | this question, let us con- 
or per da what it is that the intake per hour 
Unlimited actually reveals. When a rat has 
It up to ee te to a single fluid, he ingests 
hour or e limit of satiation. The intake per 
Tequire on day measures a quantity of flui 
Satiated = satiate an animal or to keep it 
quantit roughout the exposure period. This 
of the i clearly varies with the characteristics 

able 3 ep as illustrated by Figure 1 and 
Upon org ‘he approach to satiation depends 
Unued : anic conditions that change with con- 
20th ie ee, With the present solutions 
the a olute and the solvent are involve 
and th “pprozch to satiation. How the sucrose 
Dra ne factors are interrelated in the 
urther to satiation is a matter demanding 

erstidy (sep Tabie 4). 
next point in the explanation of our 
ions are more 


tesu] 
ts j 
is that the sweeter solut! 
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palatable than the less sweet. Results of f. 
erence tests summarized in Tables 1 Ps > 
leave no doubt about the fact that the high : 
the concentration of a sucrose ee ae 
0 acceptable the fluid as revealed b 5 
brief-exposure preference test. The ree 


sure method, of course, does not permit ani- 


mals to approach satiation; consequently, it 
ased mainly upon the 


reveals a preference bi 

immediate stimulation of head receptors, es- 

pecially those of taste, touch, and smell. 
Now in the 1-hr. preference test (Table 5) 

two factors, satiation of appetite and palata- 


bility, were operative and constantly inter- 


acting. The initial choice was determined by the 


head receptors. The rats persisted in accepting 
the 36-per cent solution, the preferred solu- 
tion. When they became satiated or nearly 
satiated upon the 36-per cent solution, they 

re, we believe, cosatiated upon other sugar 
solutions, and, consequently, they took a min- 
9-per cent solution. This explana- 
jes that the level of acceptability 
two groups of factors—head 
ility) and internal (in- 
(satiation of a carbo- 


more 


hydrate appetite). 
AND CONCLUSIONS 


1. The higher the concentration of sucrose 
solution, OY the sweeter the solution, the higher 
l of acceptability as revealed by tests 

reference method. 
ults of preference 


hat the level of acceptability is 
tional to the logarithm of the 
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te than the 3 J 
ing test. Hence, if the 


id in ested or the rate of ingest- 
ee acceptability, the 9-per 


ty of water 


of sucrose INS y 
ingested during 2 1-hr. test are tions of the 
p lution. The intake of sucrose 


concentration of so) 


294 


is directly proportional to the concentration, 
and the intake of water is inversely propor- 
tional, i.e., the rats ingest more sucrose and 
less water at 36-per cent concentration than at 
9. This result is contrary to a claim of Haus- 
mann that the intake of sucrose is essentially 
independent of the concentration. 

4. Ina 1-hr. drinking test with two sucrose 
solutions presented simultaneously for choice, 
the rats took more of the 36-per cent solution 
than of the 9-per cent. The quantity of 36-per 
cent solution ingested when the two solutions 
were presented was only slightly less than the 
quantity ingested when the solution was pre- 
sented alone; but the rats took from 2.3 to 
20.6 times as much 9-per cent fluid when it 
was presented singly as when presented for 
choice with the 36-per cent solution. 

5. In general, if the quantity of fluid in- 
gested is employed as a criterion of the level 
of acceptability, a result may depend upon 
whether the fluid is presented alone or together 
with another fluid. Preference implies choice 
between two fluids; hence the single-stimulus 
method indicates relative acceptability but not 
true preference. Results obtained with the 
single-stimulus method cannot always be used 
for accurate predictions of preferences. 

6. The discrepancies in results obtained with 
different tests of relative acceptability can be 
explained by making three assumptions. First, 
when a rat ingests a single food continuously, 
the food’s level of acceptability falls from an 
initial level to zero with the approach to satia- 
tion of appetite; the quantity of food ingested 
is a measure of the quantity required to satiate 
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S and to keep it satiated throughout the ex- 
posure period. Second, the relative accepta- 
bility of foodstuffs is at all times dependent 
upon their properties (such as concentration 
of solution, kind of food, texture, temperature, 
etc.), i.e., upon the stimulating pattern of the 
foodstuff. Third, if a rat is satiated on a high 
concentration of sugar solution, it is also at 
the same time satiated on lower concentrations. 
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RELATIVE ACCEPTABILITY OF SACCHARINE SOLUTIONS 
AS REVEALED BY DIFFERENT MET HODS 
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T : 
the fae sent paper is a report of tests upon 
tions rhe acceptability of saccharine solu- 
another i ae and problems are related to 
of sucro study upon the relative acceptability 
se solutions (3). 


RE: 
pee E pocepraise OF SACCHARINE SOLU- 
SENTED SIMULTANEOUSLY UNDER 
CONDITIONS OF SELF-SELECTION 
MAINTENANCE 


gt as part of an unpublished 
Upon ar 19 albino rats were maintained 
cage h -component self-selection diet.’ One 
all Ss aeS 5 males and the other 11 females; 
a out 6 mo. old at the time of the 
ae period of habituation to the diet, 
solution uated bottles containing saccharine 

he a were added at the end of each cage. 
alae Senge solutions were of the following 
0.13 Ge concentrations: 1.00, 0.50, 0.25, 
saccha .06, 0.03.7 Daily intake of the six 
p solutions and of the dietary com- 
; s was recorded, and the average daily 


Int 
n per rat was computed. 
e experiment with the saccharine solutions 


(1) casein; (2) corn 


1 
The dietary components were: 
(4) distilled waters 


oil: 
oH 9 sucrose solution of 38%; 
Meee ean acid phosphate, 1%; (6) magnesium 
chloride oao (7) calcium lactate, 2%; (8) sodium 
trace of Mo; (9) a single mineral solution containing * 
(0019, ferric chloride (.0017%); manganese chloride 
Q 13} copper sulphate (001%); 24 sulphate 
t000}; Potassium iodide (00002 
horo; (10) cod-liver oil; 
doxine poms (12) riboflavin, .005 
-inosit 1 %; (14) calcium pantothenate, 
( ih 1%; (16) p-amino benzoic acid, 
AA oline chloride, .1%. 
SRESER unpublished study 4 1.00-per 
e Ee 1 gm. of saccharine in CC. OLSD 
Paper Pree solutions described elsewhere 1m 
ave been prepared and specified in terms of 
i 1.00-per cent 


Derg, 
en p d 
Soluti tage concentration by weight, ies 4° 


istil 


cent solution 
f solution- 
this 


i £ ; 
lled contains 1 gm. of saccharine and | o 
ethoq water in 100 gm. of solution. This difference 9 
Make of preparation and specification o! i 
as low no significant difference wi concentrations 
W as those here used. 


continued for 27 days. During the first three 
days, however, several of the saccharine 
containers were drained dry, and larger bottles 
had to be substituted. For the following 24 
days complete and accurate measures of daily 
intake were obtained with larger containers. 

Figure 1 shows the average daily intake, in 
cubic centimeters, of the six saccharine solu- 
tions presented simultaneously to the 19 
albino rats over & period of 24 successive days. 
Since differences between males and females 
be extremely small and in- 
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A SERIES OF 


pISTILLED 
SACC! 


ge 
iven unlimited 
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moved from the 
ch preference test 
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were tested, in descending order of percentage 
concentration, as follows: 2.4, 1.2, 0.6, 0.3, 
0.15, 0.075. All percentages were prepared and 
specified by weight of solute and solvent. 

In analyzing the data each pair of successive 
choices was rated as showing: (a) a preference 
for water, or (b) a preference for the saccharine 
solution, or (c) no preference. 

The data are presented in Table 1. At the 
left the concentrations are arranged in de- 
scending order—the order in which they were 
presented to the rats. The last three columns 


ce 
50 


40 


20 


AVERAGE FLUID IHTAKE PER DAY 


03 


LOG CONCENTRATION, SACCHARINE SOLUTION 
Fic. 1. Average fluid intake of six saccharine 
solutions presented simultaneously to rats maintained 
upon a self-selection diet 


show the number of pairs of choices indicating 
a preference for the saccharine solution no 
preference, and a preference for i 
respectively. 

This table reveals that as the concentration 
of saccharine decreases, step by step: (a) the 
frequency of saccharine preference increases; 
(b) the frequency of water preference steadily 
decreases; and (c) the frequency of indiscrimi- 
nate behavior increases. 

The results give no indication of an opti- 
mum at 0.25 (between 0.3 and 0.15 per cent), 
On the contrary, within the range of concen- 
trations tested, the lower the concentration 
of saccharine the higher the level of accept- 
ability. If still lower concentrations had been 
used, an optimal concentration for the group 
would certainly have been found, since with 
subliminal concentrations no discrimination 


water, 
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between the fluids is possible. This optimum, 
however, would be below 0.075 per cent and 
very much below 0.25 per cent, the optimal 
concentration found in the first experiment. 


Further Tests with Saccharine Solutions 


How can we explain the discrepancy ™ 
results? Why does one set of conditions yie 
an optimal concentration different from that 
obtained under other conditions? id 

In considering the problem we shou 
recall that in experiments with solutions © 
sucrose, different methods of testing accept- 
ability yielded different results (3). If the 


TABLE 1 aa 
Preference between Distilled Water and Saccharin 
Solutions after 24 hr. of Water Deprivation 


CONCENTRATION OF PREFERENCE SCORE moe 
SACCHARINE ow rater 
(Per Cent) Saccharine {No Preference | WAT 
= tie an -F 

2.4 1 | g bs 
Lo 9 | 48 62 
0.6 24 | 64 33 
0.3 300 87 14 
0.15 | aA | 445 3 

0.075 5 j 

75 | 35 7 112 i 
er hou! 


quantity of fluid accepted per day or P ility» 
is taken as the criterion of acceptab put 
Sucrose solutions show an optimum at 4 jon, 
9 per cent. If immediate choice is the crite"? 
there is no such optimum, but rats aN he 
agree that the sweeter a solution is, 1° ple 
higher the concentration, the more accept 
it is. With sucrose solutions there is oot? 
discrepancy in results when concentration: hs, 
above the optimum. With saccharine a oi E 
in contrast, there is a discrepancy 1" m. 
when concentrations are below the optim" this 

_In the hope of throwing light apor solv" 
discrepancy we made further tests Wit piel 
tions of saccharine. The results will be p 
summarized: 


Purina Rodent Chow and tap meni priel 


saccharine solution were presented i 
in all possible pairs: 0.3-, 0.6-, 1.2-P 
concentration by weight of solute a” 


ACCEPTABILITY OF SACCHARINE SOLUTIONS 


The tota ; 
“a Somers ed for six rats, three of each sex, 
be ee in Table 2. Each column shows 
eleten r o sat of choices indicating a 
Spee e saccharine solution (0.3, 0.6, 
Seed) ale a or no preference (=). It will 
oe aber e data that lower concentrations 
DER v perai to higher. 
i a think that higher concentrations 
oe ape would be sweeter than lower, but 
ae a uman taste, the higher concentra- 
complicated by a quality (bitter?) 
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here. All animals were w 
we at the time of n an 
Zor the total group, the finding 

marized in Table 3.5 It is (ae eas i 
results that the 1.2-per cent solution on 
ingested in smaller quantity than the other 
two. With this method, however, there was a 
tie between the 0.3- and 0.6-per cent solutions. 
Some animals took more of 0.3 and others 
more of 0.6. Differences were small and often 


not significant. 


TABLE 2 


th Three Saccharine Solutions 


rs Results of Preference Tests wi 


RINE CONCENTRATION 


TEST NUAMER _ SACCHA 
: o aj = | ae | o =|” saaa 
z | ot | 25 ag f 235 | 18 a, 13 28 | “9 
3 |} 2 | 1 6 3 | 8 | 4 23 2 | 5 
4 et | cfu g |} 3 24 21 5 
5 A 19 4 gi? 33 14 3 
i. cr a 27 2 | 39 | 2 Li 36 12 2 
otal, i ee ae 
ees ease ws | no e | wo | % [ao | = | an) 
TABLE 3 TABLE 4 
Saccharine Solutions during 1-hr. 


Inta i 
: ake of Single Saccharine Solutions during 
1-hr. Drinking Test 


STANDARD DEVIATION 


SOUSENTRATION AV. GRAMS OF 
ach ol SOLUTION INGESTED | (Grams of Solution) 
0. a ene ON 
He 12.2 4.2 
12 12.6 4.8 
a rl 1.5 4.4 
that 
m 
nakes them less acceptable than the 
is in 


owe 
c pe Tie result of these tests, however, 
Upon he aaa with our expectation base 
cond mi shown in Figure 1. 
nd six fe vat six-months-old rats, four males 
tinking t ales, were given a series 0 
Same th ests with saccharine solutions at the 
Contained a concentrations. Each test cag? 
arine si standard cup with a single sac- 
ution. Five rats took & series 0 


&sts į 

3, ae the ascending order of concentration: 

the dee 1.2; the other five took the tests in 
0.3. Each 


ne e tiing order: 1.2, 0.6, 
chan, ration was tested for 12 days before a 
recorded a made. Rates of in estion were 
test, p graphically throughout 

> but the graphic records are not utilize 


Intake of Two 
Preference Test (two-day total) 

t AV 

STANDARD, DEVIATION 

(Grams of Solution) 


CONCENTRATION 
(Per Cent) 


AV. GRAMS OF 
SOLUTION INGESTED 


n of this tie, in line 
findings, 15 t at the location of t e 
ies with di itions. W1 


individual dati ge of 
nimal for eac 
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Richey offered rats a continuous choice 
among several solutions of sodium chloride. 
The rats were housed in individual cages and 
maintained upon a Purina diet and tap water. 
Under these conditions the individual optima 
changed unpredictably within the range of 
0.7 per cent to 0.0 (distilled water); the optima 
were at times stable and at times changeable, 
but there seemed to be little law and order to 
the phenomena. When, however, the same 
animals were placed upon a self-selection diet 
identical with that used by Young and Chaplin 
(2), the rats at once revealed a sharp and 
consistent optimum at 0.7-per cent NaCl. The 
work demonstrated clearly that a fixed 
optimum is dependent upon the diet. 

In the initial experiment (above), with 
saccharine solutions, the self-selection diet was 
almost identical with that employed by Young 
and Chaplin. The sharp saccharine intake 
curve shown in Figure 1 is very similar to the 
intake curves for salt solutions described by 
Young and Chaplin. It is likely, therefore, that 
an optimum varies with dietary conditions and 
that results represented in Figure 1 depend 
upon a particular diet. 

Third, a 1-hr. drinking test of preference was 
run with two saccharine solutions, 0.3 and 1.2 
per cent, presented simultaneously for choice. 
The test was run for two days with both 
spatial arrangements of the cups. 

For the group of 10 rats the data have been 
pooled and are presented in Table 4.4 The rats 
individually all ingested more of the saccharine 
solution with the lower concentration. 

This result agrees with predictions based 
upon the data of Figure 1 and also upon the 
preference data in Table 1. In this connection 
it should be recalled that in a similar preference 
test with sucrose solutions rats selected the 
higher concentration (3). In that test, however, 


4Individual data are contained in Document 4018 
filed with ADI. See footnote 3. 
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the two criteria of preference (quantity of 
fluid ingested and immediate choice) would 
lead to opposed predictions, whereas here the 
two criteria are in agreement and lead to the 
same prediction. 


CONCLUSION 


The location of an optimal concentration for 
saccharine solutions is dependent upon the 
method employed in determining the optimum 
and probably also upon the dietary conditions 
under which it is located. If rats are maintainé 
upon a self-selection diet and given a Con- 
tinuous choice among six saccharine solutions 
presented simultaneously, a sharp optimum z 
0.25-per cent concentration is found. If thirsty 
rats, maintained upon a Purina diet, are teste 
with the brief-exposure preference methoo 
in a series of choices between distilled water 
and saccharine solutions of different oy 
centrations, the optimal concentration 15 les 
than 0.075-per cent concentration. l- 

It is here proposed that the term accep" 
ability be employed in an objective 5° 
without bias as to determining conditions 
Previous experiments have demonstrated 
relative acceptability of test foods depa c- 
upon intraorganic conditions (appetitive a 
tors), upon stimulus-receptor conditions, CE 
atability factors), and upon dietary me 
(food habits and addictions). 


ends 
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FFECTS OF CORTICAL LESIONS ON ESTABLISHED HOARDING 
ACTIVITY IN RATS! 


JOHN S. STAMM 
California Institue of Technology 


Experi R 
e peins during recent years (5, 7, 8, 9) 
nRa Teme that the hoarding activity 
the are e systematically investigated in 
as been = i A good deal of information 
Conditions sens! about the experimental 
Place. At = er which- this activity takes 
however se present time little is known, 
and mya out the underlying motivational 
ehavior on factors which determine this 
Suggest that ere 1s sufficient evidence to 
vated b at hoarding is at least partly moti- 
might z inborn patterns of behavior, and it 
Y physi EE that, these are controlled 
Stai ogical mechanisms. 
May be a influences on behavior patterns 
of Soe iar le by determining the effects 
or exampl. esions on the behavior. Lashley (2), 
etween ne , has demonstrated the relationship 
loss of Je e extent of lesions and the animal’s 
investigated lesi ability, and Beach (1) has 
‘avior. It esion effects on maternal be- 
tions that was found in both these investiga- 
creased rie cortical lesions resulted in 
Pattern, Z ne of the investigated behavior 
at Ein e (10), on the other hand, found 
activity. = lesions may increase hoarding 
lesions 6 e applied, however, fairly small 
Cortex, per cent to 27 per cent of the neo- 
Were ped the resulting increases in hoarding 
therefor, atively small. It seems desirable, 
Cortical a to investigate the effects of larger 
© neoc, sions (25 per cent to 40 per cent 0 
ortex) on hoarding behavior. 


A METHOD 
Pbaratus and Animals 


A i; 

abparatu ification of the 

aiding ue) was used. The home cage of each rat hada 

access to KA which, when opened, gave the animal 

ce! in a long alley at the end of which was 4 

nd pelle ch contained a number of Purina 

perimental of approximately uniform 512° 

Aly ractal Foom was mniforoly lighted and had a 
perature recording ranging 


“closed alley” hoarding 


1 
This ; 
N is SIR - 
Search Be Rye was supported 17 part by @ 
t from the Hixon Fund. 
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and 82° F. The alleys were painted with aluminum 
paint in order to give approximately uniform il- 


lumination. 

‘Thirty-one adult rats were used for the experiment, 
25 of them laboratory-bred Sprague-Dawley females, 
and 6 males of an inbred local (white Norway rat) 


laboratory strain. ese animals had been given 
preliminary hoarding trials of 7 to 21 days in order to 
determine their hoarding activity- The weight of each 


rat was recorded once à week. 


Procedure 
Hoarding irials. The preoperative experiments con” 
sisted of 11 daily hoarding trials which followed the 
preliminary oP jnutes before each trial S 
was given two PC in its cage- The sliding 
r was then opened for @ 95-min. period during 
i were taken 


which S had access to! 
e 


because there was no 
jllumination jn the room. 9 
othe a each of the last 10 days of this pen 


the preoperative hoarding 
i rimental group 
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subsequently sutured and covered with collodion. 
Three of the control animals (No. 17, 20, and 21) 
underwent sham operations in which one trephine 
hole was placed in the skull, but no cortex was removed. 

Determination of lesions. After the hoarding experi- 
ment was terminated, the brains of the operated rats 
were fixed by perfusion. The abdominal aorta was 
cannulated and tied off caudally. After the right 
ventricle of the heart had been cut, Ringer’s solution 
and then 70 per cent alcohol solution were injected 
into the cannula until the upper part of the rat’s body 
became stiff. The brain was then removed, placed in 
100 per cent alcohol for 48 hr., in Xylol for 24 hr., and 
imbedded in paraffin. Sections of 254 were cut, and 
every twentieth section was mounted and stained 
with toluidine blue. Alternate sections were then 
sketched under a projector, where structures defining 
brain levels were identified and the extent of cortical 
lesions was marked. The dimensions of the lesions in 
each section were then transferred by proportional 
measurements to the appropriate level of the section 
on the dorsal and lateral brain diagrams. The areas of 
the cortical lesion were marked, measured by a planim- 
eter, and expressed as the percentage of the total area 
of the neocortex. The brains were finally examined for 
subcortical damage, the extent of which was recorded. 

Treatment of hoarding data. Since the measure, 
“number of pellets collected,” did not lend itself well 
to statistical analyses, these scores were converted to 
deci-log units (DLU), following the suggestion of 
Morgan (6). The DLU score was obtained by adding 
onc unit to the number of pellets hoarded in each trial, 
finding the logarithm, and multiplying by ten. These 
scores were then used as the basis for statistical analysis. 


RESULTS : 
Effects of Brain Lesions on Hoarding 


The hoarding scores for each S of the 
control group are shown in Table 1. These 
are the mean scores (DLU) of the 10 trials 
before the operation and of the 10 trials 
during the postoperative period. This table 
indicates a general decline in hoarding scores 
during the interval between the two experi- 
mental periods. The significance of the decline 
of the mean for the total group (1.09 DLU) 
was determined by computing the ¢ ratio for 
the mean of the difference between hoarding 
scores (£ = 2.44), which is significant at the 
.05 level of confidence. Two Ss (No. 40 and 30) 
showed significant reductions (at the .05 level) 
of their hoarding scores during this period, 
The decline in hoarding scores of the control 
group might be explained by the unavoidable 
increase in mean room temperature, from 
76° F. to 80° F., between the two experimental 
periods, for it has been observed that higher 
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environmental temperatures tend to reduce 
hoarding activity (4). 

Table 2 shows the mean hoarding scores 
and their standard deviations (for 10 trials) 
for each of the experimental Ss. None of these 
Ss increased its hoarding activity as the 
result of brain damage, and most exhibited 
considerable hoarding loss. In order to deter- 
mine the hoarding loss for each S, a “deficit 
index” was computed which is the ratio 0 
the amount of loss to the preoperative hoarding 
score. Table 2 is arranged in the order of 
increasing deficit index, which is shown to 
range from 0.01 to 1.00. The significance 


TABLE 1 
Hoarding Data for Control Group = 


MEAN HOARDING SCORE (DLU) 


RAT NO. samen as 

Preoper. Postopers 
40 | 1117 8.12 
20 | 14.69 14.27 
30 15.70 \ 13.05 
17 | 16.26 16.66 
31 | 16.33 17.17 
22 | 16.98 | 16.80 
39 | 17.61 16.23 
42 18.63 TY 

21 | 18.81 . ae 


of the hoarding loss for each S was found 2 
computing the / ratio for the different” 
between mean preoperative and mean Pat 
operative hoarding. Table 2 shows that ing 
15 of the 20 Ss the decrease of mean hoard! 

Scores was significant beyond the 01 leve 


was 
confidence, and for 2 additional Ss it 
Significant beyond the .05 level. for 

The mean preoperative hoarding score were 


the control and experimental grouPs fier 
16.24 and 16.12, respectively, and the t a 
ence between these is not significant C 

0.123). The corresponding postoperative F 
were 15.15 and 10.95, respectively, 2” 
difference between these is significant 
the .05 level (t = 2.96). The median ho® 
score for all Ss prior to the operatio? cgn- 
approximately 16.5, Computations of a 
tingency table for the experimenta 6.51 
hoarded more than 16.5 and less thar 
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before 
and after th ; 
gave a chi e operation, respectiv ly 
ave a chi-square coeffici xi ctively, ranged from 23 to 5 
on at the .02 rege ga dees oe although only Ba wad a = the neocortex 
lon for the ‘ _Asimilar computa- 40 air a lesion larger th: 
differe control group showed no signi per cent. Within this relativel S 
nces. In the no significant range of lesions it was a Me 
opel for OS ne Yates’s any relationship a pg to discern 
ay therefor were applied. It and th oa 
è Ba conil and the amount of hoarding defici on 
mental S ncluded that the experi- F g deficit; the rank 
= ‘Tio Ach xperi- order correlation b a 
arded significantly less post- is .10, which is tert i eas as 


TABLE 2 
Hoarding Data for Experimental Group 


HOARDING SC 
NS ere score (DLT) FOR 10 TRIALS | CHARACTERISTICS OF CORTICAL 
a LESIONS 
Preoperative Postoperative DEFICIT INDEX ? ——$$—— a, 
—— A 
= r M e M w| Removed Mid-line* prt ae 
b 16.83 | 0.87 7 5 cece Ee | 
43 3 87 16.73 1.25 .01 5 5 
5 14.55 | 2.98 | 13.96 | 1.00 ot 205 S " 9 
Ý i537 | 1.30 | 1445 | 0-78 0.06 $205 29 ins A 
a 19.96 | 0.21 | 18.06 | 1.11 0.09 ol 38 i : 
x 18.97 | 0.64 | 17.08 | 2-0 0.10 105 36 IE A 
a aa | Ls | 29 | rai 0.22 ol 28 10 9 
= ‘ees | 1.00 | 287 | 12 | 0.23 ‘01 x | u 6 
29 iet | 1go 13.91 | 1-7 0.23 oao | 2 11 7 
ia ate "31 | 13.08 | 1.38 0.28 o1 33 | 0o 13 
W s | o | 62 | 298 0.29 05 F LOS ls 
a teat | 1.26 | 11-42 | 0-98 0.30 <01 ai ie soa 
i8 cone | 073 | ina | oe 0.35 ‘1 ar ot sinat 
17,08 | 0.97 | 10.92 | 708 0.36 uo | aomh } il 
= 15.99 | 0.58 | 9-67 | Oo 0.40 o | os | ee 
s 17.60 | 0.37 | 10.37 195 | 04 01 SO Ji ae 16 
K ‘os | aor | eee | eS 0.48 a | enk | 8 
32 14.82 | 1.34 | za | was) | 2a a | 214 2 
3 16.85 | 0.63 | 6-51 1.88 | 0-6 01 32 751 43 
s wae | iat | SO ee | 0.69 o1 3 See 
= ye | oz | 0-00: | 00 | 960%) 2" 25 |. es iNet 
1 — |———_——— panes _— | nee- i aa — —— ee a —— 
k Saat 16.12 | l 10.95 | 
SERR EA | 4.42 | 
* Accordii à ——— —— ae — s 
ng to levels of diagrams, Figure 1. 
Tt was not ttempted to ptain accurate 
f th lesions ° the cortica 


Operati 
oPerat ? ; 
ively than did the controls. The evidence s 
localization © n 
be seen from Figure 1, lesions 


Indi 
Sithin at that cortical damage causes @ 
E, Fowe decline in hoarding activity, which surface screrent areas See Ge 
Contin ver, not altogether eliminated, put were placed 0” ite ue colt n 
ues regularly at a reduced level. frontal-cau al direction © the cortex, and the 
Effects composite diagram i ‘cates that most areas 
Th of Specific Brain Lesions of the cortex W subjected 1o Sees 
lon. location and extent of each cortical The approx! is cae a ie mi oe 
hea in Figure 1 and Table 2. Since cortical § a 
cit indices varied considerably for the of the lesion 5h is ing on in Table 2. This 
an att mpi Wee localizatio oe: to be related to 
deficit; placement of cortical 


Tou 

made ay experimental SS, 

the ¢ o relate it to a number of va 

cortical lesions. The size of the lesions the hoarding 
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h f jon nY} al 
gram the left figure indicates the identificatiO” | tot 


— 
percentage of neocortex removed, The composite diagram shO 


Fic. 1. Reconstruction of cortical lesions. For each dia; 


of the animal, the right figure the 
cortical area explored in this study. 
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lesions at 
ay sion K of the cortex seems to be 
hen ; . 
amined ie A sectionsrinere da 
that in som E: cortical lesions, it was founi 
anterior ie s areas in the striatum or the 
During th alamic nucleus were damaged 
Ss (No eA postoperative hoarding trials two 
onia and 27) exhibited difficulties in 
E ieot oordination, although only No. 27 
these Ss Pace pick up the pellets. Both 
Etriatum, pore damage in the posterior 
Pabcortical di ere were also indications of 
of a chis ae in other Ss. Computations 
subcortical ee coefficient between degree of 
damage) m a toa (none, slight, or clear-cut 
any significant pardag deficit did not indicate 
variables ca ale ee between these two 
Ur Sop nang was investigated that cortical 
fashe ong the median line of the brain 
Stat te tk f’, aa, and m’) bore a 
engths RA to the hoarding deficit. The 
of the a ese lesions according to the levels 
© sums oa diagrams were determined, and 
Spheres of these for the right and left hemi- 
Product-m each S are shown in Table 2. A 
tween the oment correlation coefficient be- 
to be ee the deficit indices was found 
Calculation: at No. 35 was omitted from these 
Postoperatin sae it did not hoard at all 
discontinuous y, and its score was therefore 
a the aay = distribution of scores 
4 . e signi i 
ae coefficient tas pee ie 
Significant its 1 ratio (¢ = 2-35) which is 
Computati at the .02 level of confidence. 
the lengt} ons of a contingency table? between 
Indices ae these lesions and the deficit 
95, which ed a chi-square coefficient of 
` devel is significant well beyond the 
l ons Possibility was examined that ¢ 
Sardi were less effective i i i 
ding is well ive in rats 1n which 
ich hoard littl established than in those 
aise an ne tle. Since there wasa substantial 
tek these i pein hoarding scores for the 
Ices. The e correlated with the deficit 
cient bet: product-moment correlation CO- 
ich js ween these variables is ~>? 
not significant. 


ortical 
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T 
both he cutting-off poi 3 
Variables, points were the median values for 
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DISCUSSION 


The results of this i igati 
that cortical lesions ae se N ets 
ing activity in rats without Te e hoard 
altogether. Hoarding activity, wtp it 
has pointed out, is by no means ti ©) 
phenomenon, and the amount f “Tape 
collected is only one measure of eee 
Observations were made on some of the ee 
aspects of this activity, such as speed of 
hoarding, latency of onset of hoarding ei 
maintenance of stereotyped behavior. With 
the exception of two Ss which had damage in 
the striatum, the hoarding process paced 
without difficulty. The speed of hoarding, i.e. 
the time required for one round trip, was 
measured frequently and found to be about 
5 sec. during both the preoperative and the 
postoperative trials. The decrease of hoardin 
was therefore not caused by slower activity er 
by sensory of motor deficit resulting from the 
$ so been observed (3, 5) that 
each rat follows & characteristic pattern of 
ing behavior which differs from that of 
other rats. Although no 
recorded, it W: 
rats which preoperatively 
runs” continued this patter! 
One notable exception to t 


stereotyped behavior was 
six experimental Ss exhibited “alley hoarding” 
e first two oF th i 
tivity. They de- 
osited the initial four to six pellets during 
e and then left the 


as 
rative trials, nor 
] animals behave in 


did any ° 
this manner. j 
The decline of hoarding asa consequence of 
o be in eneral agree- 
ilar investigations 
a 


cortical lesions se& 
ith the res 
s maze 
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The results of this investigation do not 
support the principles of “mass action” (2) of 
the cerebral cortex. The range of the size of the 
lesions was quite small, whereas the original 
hoarding scores varied considerably. In order 
to determine the effect of the size of brain 
lesions on hoarding activity, it would be 
necessary ‘to select Ss which had little 
variability in their preoperative hoarding and 
then to apply lesions of a wide range of size. 

The correlation coefficient of .445 between 
deficit index and length of cortical lesion along 
the median line of the brain suggests that a 
relationship exists between these variables. A 
correlation coefficient of this magnitude is, of 
course, not impressive, and subcortical lesions 
of some Ss may have increased it spuriously, 
although subcortical lesions themselves did not 
significantly influence the deficit index. On the 
other hand, since the amount of median cortex 
removed was only between 9 per cent and 
50 per cent of the total length of this area 

(assuming the length of each median strip to 
be 16 levels of the diagram), larger lesions 
along this strip might have increased the 
magnitude of the correlation coefficient. 
There has been no systematic investigation 
of the functional significance of the median 
cortex in the rat. In Lashley’s investigations 
(2), for example, this region constituted only a 
small portion of the lesions, so that its function 
was not readily discernible. Almost none of the 
cortical lesions in Zubek’s investigation (10) 
included this area, and the size of these lesions 
was, moreover, considerably smaller than the 
ones in the present investigation. The increase 
in hoarding which Zubek found was smaller 
than the decrease obtained in this investiga- 
tion. Computations of an “increase index” 
for the former investigation gave an average 
of about 0.1, whereas the average deficit index 
in the present investigation is approximately 
0.3. The difference between these figures is 
considerable, particularly since they are based 
on logarithmic data. It is therefore not incon- 
ceivable that small cortical lesions excluding 
the median cortical strip increase hoarding 
activity, whereas larger lesions including this 
cortical area result in hoarding deficit. 

The results of this investigation suggest 
further research into the functions of the 
median cortical area. One should apply rela- 
tively small lesions, localized in this portion 
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of the cortex, and determine their influence on 
hoarding activity. 
SUMMARY 

Bilateral cortical lesions (23 per cent to 
50 per cent of the neocortex) were applied to a 
group of 20 rats. Their hoarding activity was 
determined before and after the operation. 
Nine rats served as a control group which did 
not undergo brain operations. 

1. There was a decrease in hoarding by tbe 
experimental rats as a result of the operations 
their postoperative hoarding was significantly 
less than both their preoperative hoarding a” 
the hoarding of the control rats. 5 

2. The hoarding loss was not related SI! 
nificantly to the size of the lesions, the 
general location on the cortical surface, SY 5 
cortical damage, or the amount of preoperat!V 
hoarding. » Gas 

3. A correlation coefficient of 0.445 W% 
obtained between the magnitude of hoarding 
deficit and the extent of the lesions along 3 s 
median line of the brain. This coefficient he 
Statistically significant. It is suggested that aid 
cortical strip along the median line of the a 
may be of special significance to behav 
such as hoarding. 
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EFFECTS 
SC OF DT 7 ; 
INTENSE LIGHT STIMULATION ON SOUND-INDUCED SEIZURE 
IN RATS K : 
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This experi ; 
effects Pp. arch is concerned with the 
incidence gre light stimulus upon the 
iced ch ency, and severity of seizures 
Elio teste Wee by a simultaneous sound. It 
Precipitated re rig that seizures may be 
Bean ketaki ed light alone. Although it has 
Kilus i is me that the potency of a tonal 
(4, 5), “aie unction of its effective intensity 
in’ the ag a little systematic interest 
Modalities, of intense excitation of other 


METHOD 


Subj ` 
al ino and on Ss for this investigation were 200 
EET ooded rats from 50 to 150 days of age- 
aboráfor s were maintained on a diet of Purina 
oil. y Chow supplemented at times by cod-liver 


. Appa i 

Insic nM lager A 14-in. cuboidal box, painted white 
nside the Scala of plywood and Acousticelotex- 
ugh thakioned fro placed a floored glass cylinder 12 in. 
Orners betw rom a 5-gal. carboy. At each of four 
Ment a = seer the box and the glass test compart- 
Mounted in oflood bulb, General Electric No. 1, was 
Ment for a f n upright position. A battery compart- 
doara ae Soe formed the lid of the box: 
wea Covered with mounted on the underside of the lid 
as closed ie stiff hardware cloth. When the box 
Or the test e hardware cloth formed a tight cover 
aoe were OTERI At times when the photo- 
îmly erint in operation, the inside of the box was 
posure peri by a flashlight bulb. During light- 
ditional ods Æ watched the animals through an 
cen filter. 
ie in eroui a negligible exceptions the rats were 
cessive ee 20. At least two days elapsed between 
aut conditio s. Every animal was exposed to each of 
compartment s of stimulation. In one of these the test 
€ battery ree strongly illuminated for 30 sec- by 
as sounded photoflood lights. In another, the bell 
pho ditions $ alone for 1 min. The third and fourth 

Stofloods apn oa light and sound stimulation, Wi 

e ctrl operation during the first or secon 

è Mehteenidive period. 
bygattse of See not be turned on for the full minute 
209 TUP of A eat produced. To control the effects © 
er animals w mperature within the box, each grouP o 
ous were as divided into four subgroups- These sub- 

te ce in eee in different orders, and were test 
ycbnique 2 Position within the order. The balancing 
4 ith condi E be visualized asa 4 by 4 Jatin square 
TE ian of stimulation assigned to columns, 
thed to peat oe ee and subgroups 35- 
e hoa vas a Belween tests given to each subgroup 
Obse aired for 5 min. 


a 


als kept their 


hiet 
ations showed that the anim 
305 


eyes open during exposure to light. To check the i 
bility that they were rapidly blinded, five rats hich 
had been trained in a Grice (2) black-white discrimina- 


tion apparatus were stimulated for 35 sec. Subsequent 
tests of retention indicated that discriminative capacity 


was unimpaired. 


suppression of tactile p! 
measured from the onset 0 
beginning ©! ing fit. A severe seizure was de- 


f the running 
fined as one which included tonic or clonic components. 


RESULTS 
00 animals tested 
e or more times. 


sponded on 
seizures, 79 of them severe, 
No seizures were elicited by the 


800 exposures. 
Jone. Stimulation by the bell 
ielded 52 attacks, and bell plus light 
1 


37 per cent re- 
A total of 163 
was observed in 


Of the 2 


values is 57s which corresponds to 
and .70. Among subgroups tested 
d fourth there were 38, 


38, 36, an _ Chi square for these 
1 3.5, for a p value between .30 an 


a the bell- 
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true that the duration of the exposure was 
short. Yet comparable exposure periods with 
the bell, as judged from latency data, produced 
30 attacks. The results thus support the 
specificity implied by the terms ‘“‘audio- 
epileptic” (7) and “audiogenic” (6). 

However, incidental observations suggest 
that the precipitating excitation is not carried 
by the auditory pathway. The most notable 
of these is the trend of increasing severity of 
seizures as a function of test-compartment 
temperature. If this facilitation is real, it is 
probably a result of pinna irritation. Although 
the central portions of the test compartment 
were never uncomfortable to the human hand, 
the ears of the rats were so sensitive that they 
usually became extremely red and often were 
edged by blistering burns. It is interesting to 

note that during exposure to light the rats 
typically licked their paws and then rubbed 
saliva on their ears. This response was similarly 
elicited by an electric radiant heater placed on 
Lop of the test compartment. 

These facts seem significant because the 
anterior pinna is supplied by a branch of the 
mandibular division of the trigeminal nerve. 
The same branch is also distributed to the 
drum membrane, a structure which figures 
prominently in the “nocigenic” theory of 
seizure initiation that has been proposed by 
Marx and Jurko (3). They suggest that the 
relevant excitation is carried not by the 
auditory pathway, but by extra-auditory pain 
pathways which begin at the drum membrane. 

The Marx and Jurko hypothesis was ad- 
vanced to account for sensitization to seizures 
which accompanies secretory inflammation of 
the middle ear. Under these circumstances 
they suppose that increased tension on the 
drum membrane lowers the thresholds of pain 
receptors. It is possible, of course, that middle- 
ear disease sensitizes auditory receptors. How- 
ever, it is quite unlikely that irritation of the 
pinna could have such effect, and the latter 

kind of facilitation would be reasonable in 
terms of summation of excitation carried by 
adjacent pain pathways. 

It should be emphasized that this support 
for the nocigenic theory is largely speculative. 
None of the observations is statistically demon- 
strable at an acceptable level of confidence. 
Nevertheless, each of the changes noted is in 
an appropriate direction. For example, the 
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largest fluctuations in frequency and severity 
scores are obtained when the light is present 
during the first half of the bell-exposure period. 
In any event, the data suggest that the hy- 
pothesis is a fruitful one and readily testable 
with further straightforward operations. 


SUMMARY 


This experiment examined the effects of an 
intense light stimulus upon the incidence, 
latency, and severity of seizures induced m 
rats by a simultaneous auditory stimulus. 
Further, it provided a test of the hypothe 
that convulsive attacks could be precipitate 
by a light alone. Each of 200 animals was teste 
under conditions of light stimulation alone, 
bell stimulation alone, and combined light an! 
bell stimulation. The visual stimulus wi 
provided by a battery of photoflood ligh 
which surrounded a glass test compartment- r 

No seizures were produced by light alor 
nor did the light have statistically ie 
strable effects upon sound-induced wre 
There was a tendency of borderline statist! oe 
significance for seizures to be more gees 
with increases in test-compartment temp pad 
ture. It was suggested that such facilita e 
could be attributed to irritation of the © 5 
of the animal. This effect, if a real one, 15 ee 
readily interpretable in terms of a nocis® 
theory of precipitation. 
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DOES TET RAETHYLAMMONIUM REDUCE FEAR? 


JOSEPH V. BRADY 
Army Medical Service Graduate School 


In 3 
m paper, Auld (1) reports the 
Chloride s e of tetraethylammonium 
e i ia reviated hereafter as TEA) 
E ese nning speed of rats in a Miller- 
Ses nae se situation. The author 
Se hae is decrement is to be explained 
Vating the ion in the “drive of fear” moti- 
blocking e ecaps habit as a result of partial 
rhe paia e autonomic ganglia by TEA. 
ments plac ral tests employed in these experi- 
Ne e considerable emphasis on locomo- 
need for gn performance, however, and the 
of the po par direct experimental control 
aee le effects of TEA upon the motor 
The of rats is apparent. 
Ments Men report describes two experi- 
alleged Peame to investigate further the 
ear-reducing properties of TEA. The 


shocks to the feet. All conditioning trials were co! 

during the animal’s normal daily ses apr 
and were spaced several days apart, with normal 
adaptation lever-pressing trials intervening in order to 
reduce the frequency with which the rats developed 


generalized fear reactions to the apparatus. After six 
such emotional conditioning trials, the response de- 
lever pressing during 


veloped as a complete cessation in 
ion of the conditioned clicker stimulus ac- 


d defecation in all animals. 
Twenty-four hours the last conditioning trial, 
when all animals had acq + ad the emotional response, 
a test was conducted in order to determine the effects 
ted habit. In accordance 


of TEA upon this fear-motival 
e, the animals were divided into 


with Auld’s procedur 
tched for both speed of acquisition 
th of the lever- 
of the experimental group 
jecti f tetraethylam- 


rst experi 
TÌ 
arna tests the effect of TEA on a injections oa - 
Pressi response defined by i _ were allow ter injec ion 
evi Sing effect upon a pre rious! dee a maximal concentration 1p ts? blood stream before 
er-pressing habi a previously established the animals W placed in the lever-pressing 2 aratus 
reduction b B habit. In this situation, fear and tes for their reactii the conditioned clicker 
€ de y EA could be expected to lessen stimulus Following this t t, all animals were returni 
pressing eff here they were mitted free 
ey an ect af the en response upon bo ae thout tria f any kind for 
TRR habit, thus providing @n access t7 d Vatne a Secon as conduct 
Upon ee for the effects of the drug wen est, the si als wich 
Te ona: motor capacities of the organism. previously ed as pon vasa e fist ei 
TEA u nd experiment tests the effect of TEA" ee = 
Speed Eon locomotor activity and upon the °° served as cont? 
tise ethes san tes response motivated bY Results 
o a than fear (hunger, thirst) in order aS ritical t revealed 
8enera] ide some information on the more: Te results of these Ch veen the TEA- 
effects of the drug upon behavior. uite marked differen een. First T 
injected imals ar ee had little 
EXPERIMEN ected, the o A 
Methog nt 1 “aa b ae ' he lever-press ng habit or 
Subj em d emotional nse. 
ecl. tione i š 
Ys old T Twelve male albino rats, approximately 100 E cond uced typi T pressing 
T Apparat the start of the experiment, were Ss. control ğ i tation of conditione 
i, Donse of aang, procedure. A conditioned emotional curves, 3 sulte qin cr ing, defeca- 
ia Posed upo e “fear” or “anxiety” type WaS super- clicker sti tion lever pressing 
all ante a previously learned lever-pressing habit tjon, an mple ces Tn marke 
Woctibed b als according to a procedure previously; ; he control 8 Ps injecte 
rete train y Hunt and Brady (3). Firsts thirsty animats in all an none of t TE! -injec 
ard. The to press a lever for an ‘aperiodic water contrast, ingle lever- ing response 
table, the un when their lever-pressing CUY became animals eitt two critica 
che Each nee T” response was conditioned in six daily at any th ‘4 occas six anima s 
= ing noi rial consisted of a 3-min. present tion 0! a test trials aed almost 
Atieno ie the conditioned stimulus, minated this € enta 
sly by two momentary, pai ful, electric in thi 
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completely immobile throughout the entire 
15-min. run in the lever-pressing apparatus, 
and on both tests presentation of the condi- 
tioned clicker stimulus produced defecation 
in five of the six TEA-injected rats. 

These results suggested that the more gen- 
eralized effects of TEA upon locomotion or 
motor performance in rats might well be 
critical in accounting for both the results 
obtained in the present experiment as well 


Effects of TEA on Activity Level 


300 


200) 


/ 


Pre-training -20 days 


100 


MEAN NUMBER OF ROTATIONS 
IN ACTIVITY WHEEL 


2i 25 


Normol Saline 
N 
‘i N, 


30 3) 
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Apparatus and procedure. During an initial 20-day 
pretraining period, the animals were placed on a 22-hr. 
food- and water-deprivation schedule and received daily 
trials in a Wahmann-type activity wheel, and in an 
8-ft. straight runway situation according to the follow- 
ing general procedure. First, each animal was removed 
from its home cage and placed in the activity wheel for 
20 min. Then the animal was removed from the activity 
wheel and placed in the starting box of the straight 
runway. During this initial training period, the sliding 
doors of both the starting box and the goal box of the 
runway were removed, S was permitted to explore 


—— Experimental Animals 
Control Animals 


Normal Saline 


45 


35 40 42 


EXPERIMENTAL DAYS 


Fic. 1. The effects of tetraethylammonium on activity 


as those reported by Auld. Indeed, an inter- 
pretation of the depressing effects of TEA 
upon a fear-motivated running response in 
terms of inferred “fear reduction” would 
appear to be considerably less parsimonious 
than a more operational “activity reduction” 
hypothesis if it could be demonstrated that 
(a) locomotor activity is significantly reduced 
in rats following TEA injection, and (b) 
Tunning responses motivated by drives other 
than fear (hunger, thirst) are also depressed 
following injection of TEA. In order to test 
these two possibilities, a second experiment 
was performed. 


EXPERIMENT 2 
Method 


Subjects. Twelve male albino rats, approximately 
100 days old at the start of the experiment, served as 
Ss. 


level 
, both 
me 
h ti al BOS: 
ted free 
caper 
s wait, 


freely for a 20-min. period during whic 
food and water were accessible in the 8% 
Upon removal from the runway, S was permit 
access to food and water for 2 hr. in a feedin: 
after which it was removed to its home cage to & 
without food or water, the following day’s trials. daily 
From experimental day 21 through day 30; the 
recordings were made of each S’s activity 1 ach 
rotating drum during the 20-min. trial and oa x 
S’s initial running time from starting box to 8% 
in the runway. The general procedure followed. 
runway trials during this 10-day recording P! 
to place the animal in the starting box wil delay? 
Opening into the runway closed. After a 10-506 tng of 
the door was raised simultaneously with the stë n doof 
a stop watch. When the animal entered the rehe tim? 
of the goal box, the watch was stopped an 
interval recorded. P o egu?! 
On day 31 the animals were divided into tW° “i ne 
groups matched for activity level and TOs and i 
based upon the records of the previous 10 opa EA 
test was conducted to determine the effect imental 
upon these two motor responses. In the exp! 


| 
TETRAETHYLAMM 
soh each of the si ONIUM AND FEAR A , 
A immedi six animals réccivedihe neci 09 
| acy trum, of the same dosa ve the injection of fidence) in running ti 
lever-pressing he same dosage em| Toye e awa Jay Une OS the strai 
ing experiment. Twenty mae ie it for the TEA-injected animals aaa 
ei ays. fo) 
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pIsCcUSSION AND CONCLUSIONS 


Jectio, 
n, followi 
» following completion of the activity-wheel run, 
he present experim' 


eac] 
1 anim 
srightavay TA placed in the starting box of the 
foots Ear yee li ad time in reaching the goal The results of t 
equiv a with the Portes e same procedure was dicate quite Jearly that th effects o 
pe gent aca of ae Pjumetrically pon the Tat at probably considerably more 
(mals We ea og day 32 through day 41, all eneral than those which cou d be account? 
fara ity E daily recorded trials in both for by the presumed specilic autonomic pics 
her injection, Ag and the straightaway with no ing at the ganglion. Pharmacologic tudies by 
termine the iguin on day 42, a test was conducted Birchall Tay. Lowenstem, and Page have 
mo nin effects of TEA upon activity level an ; : 1 t dosages © 
nent Ung response. As i y Sigii onstrated quite Jearly 10588 
the & the six ani ‘As in the lever-pressing exper 7 f bod weight), less 
she Brst test be which had served as controls on TEA Lue ae use in 
a ormer TE e now injected with TEA, while the than one-fourth as larg H 
tys 43 RA animals now 3 : > Jka of body weight), 
Hain? 44, and 45 r served as controls. On A Id’s experime ESTRA 
| to Sìn both , all animals were again given daily d “geni lar weakness 
test Oh mates wheel and the straightaway can Pro uc Ae such that “yoluntary MO 
| Results om the effects of the injections. m bo w (2) p: 579) The 
| ion req! th these independent 
st The re cumulative Wer tainly seem 10 
| pown ae of this second experiment ave, lines (Ques Be aik drug produces 
1 Ìgure 4 oe 1 and 2. It will be seen from suggest that the t upon | comotion an 
rel of at there is a significant rop (- a rather marked ¢ n the organism. 
s aa pale in activity level for the other motor aa aes eee 
a ‘5 f e A 
A dition Fi animals on both test days. In It might nA ' periments are inter 
D a amea 2 indicates that there ag. sults O pr ly that TEA reduces 
gnificant increase (.01 level of CoP pretable indicating only 
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a number of other drives in addition to the 
fear drive, including activity, hunger, and 
thirst. Gross measurement of the amount of 
food and water consumed by the TEA-in- 
jected animals in the goal box of the runway 
as compared with the consumption level for 
the control animals under the same condi- 
tions, however, does not support such an in- 
terpretation. Although the experimental ani- 
mals required a significantly longer period of 
time to navigate the 8-ft. runway, they showed 
no hesitation in gaining access to the food and 
water upon arrival in the goal box, and con- 
sumption during the 20-min. period during 
which they were allowed to remain in the goal 
box did not differ significantly from that of 
the controls under the same circumstances, 
In the light of these data, A 
tation of the depressing effects of TEA upon 
the speed of an escape response in terms of 
“fear reduction” would certainly appear rather 
tenuous, and his conclusion that the outcome 
of the experiments was “not [the result] of 
muscular weakness, in-coordination, or stupe- 
faction” (1, p. 573) would hardly seem justi- 
fied. Indeed, it would appear that any or all 
of these three Possibilities would provide a 


far More parsimonious explanation than his 
“fear-reduction” interpretation, 


uld’s interpre- 


SUMMARY 
Two experiments have been performed to 
Investigate further the r 
Properties of tetraeth 
(TEA) in rats. 


JOSEPH V. BRADY 


1. In Experiment 1, a conditioned fear a 
sponse was superimposed upon a previous 3 
established lever-pressing habit in 12 male 
albino rats. The depressing effects of TEA 
upon lever-pressing performance made it 
impossible to determine the effects of the drug 
upon the fear response and suggested that 
previously reported changes in behavior follow- 
ing administration of TEA might well be at- 
tributable to its effect upon the motor capaci- 
ties of the organism. 

2. In Experiment 2, the effect of TEA 
upon motor performance in an activity wheel 
and upon the speed of a hunger-and-thirst- 
motivated running response in rats was M- 
vestigated. In both tests, significant depres- 
sion of motor activity directly attributable to 
TEA was apparent. : 

3. The results of these experiments raise 
Serious questions about the validity of pre- 
viously published “fear-reduction” interpre- 
tations of TEA effects upon behavior. 
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DECREASED AUTONOMIC FUNCTIONING AND EXTINCTION 
OF A CONDITIONED EMOTIONAL RESPONSE! 


JOEL R. DAVITZ 


University of Illinois 


“ee experimental studies have indicated 
Medii Rigg cia emotional response is 
na , at least in part, by the autonomic 
Beran : system. Solomon _and Wynne (7) 
eran i rated that acquisition and retention 
e aa response in dogs is altered by 
Auld en erat and a recent experiment by 
action ap that blocking the peripheral 
rats i. the autonomic nervous system in 
hence Aah the latency of an avoidance 
iate e. Auld concluded that “the fear drive 
auton, ast partially dependent upon peripheral 
ati responses” (3, p- 573). The present 
results cf based on a generalization of the 
Bate e these studies, is designed to investi- 
autoo, e effects of temporarily decreased 
Gon functioning on the extinction of a 
hi ioned emotional response in rats. 

tie study began with the assumption that 
“al ig Phera action stimulated by the 
n Pans nervous system may be punishing 
ioned € to inhibit the extinction of a condi- 
ee nal response. A typical con- 
Sequ ane = illustrates this theoretical 
tesentati lectric shock (US) is paired with 
trials ` A of a buzzer (CS); on subsequent 
of the nly CS is presented to S, and a response 
k <a nervous system is evoked. 
Pattern a mic discharge stimulates a diffuse 
; anges of ae: pine activity evidenced by 
` pe ood pressure, heart rate, etc.; if 
S is ee latively strong peripheral effects, 
Paitihiment ane with an internal form of 
moti , and extinction of the conditioned 


ion 

a Prom p Ponse is inhibited. 

nce that theoretical formulation, it was 
mi temporarily blocking the auto- 


Stre, © ne 

oath ae Pi system should decrease the 

tiene gt emotional response 
OUS syste trials in which the autonomic 

“T m is physiologically normal. 
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ation oa of the manuscript. 


for hig ‘ter al 


In a situation previously associated with 
punishment and from which escape is pre- 
vented, rats exhibit a typical crouching or 
freezing pattern of behavior. This general 
inhibition of behavior in the rat is exhibited 
in a wide range of situations involving pun- 
ishment and, presumably, is a conditioned 
emotional response. In the usual avoidance 
training procedures, for example, rats fre- 
quently show crouching or freezing behavior 
upon presentation of CS during the initial 
training trials. Miller has described the 
tendency of rats to remain motionless in 
response to fear as one of the “most obvious 
behavioral effects of fear” (6, p. 441). A 
measure of overt activity which is opposed to 
remaining motionless, therefore, offers a means 
of estimating the strength of a conditioned 
e in the rat. In the present 


emotional respons' 
experiment, estimation of the strength of the 


conditioned emotional response was based on 
the assumption that general overt activity of 
tion previously associated 


the rat in a situa | 
with punishment and from which escape 1S 


prevented is inversely related to the strength 
of the conditioned emotional response. In 
other words, the greater the activity of the rat 
in the experimental situation, the weaker the 
strength of the conditioned emotional response. 
Considering the initial theoretical postulate, 
it was predicted that temporarily blocking the 
autonomic nervous system „would increase 
activity during subsequent trials in which the 


autonomic nervous system was normal. 


METHOD 


Subjects 

The Ss of this experiment were 30 albino rats bred 
in the psychology laboratories at the University of 
Illinois. There were g males and 7 females in each 
group. The animals were between 60 and 75 days old 
at the beginning of the experiment. 
Apparatus and Measurement of Activity 

The experimental apparatus consisted of an enclosed 
box with a grid floor which could be electrified. The 
dimensions of the box were 4.5 by 14 by 28 in. All 
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walls were black, and the box was illuminated by two 
7.5-w. bulbs. The animals were observed in a mior 
placed below the grid floor and extending the Lac 
length of the box. The mirror was divided into s: 
equal spaces, each 5.6 in. long. Activity was pees 
by counting the number of spaces traversed by the 
animal during each trial. 


Blocking the Autonomic Nervous System 


ipheral action of the autonomic nervous 
eee pepe by administration of tetraeniyi 
ammonium chloride (TEA), which temporarily blocks 
the transmission of impulses through the ganglia of 
both sympathetic and parasympathetic divisions of 
the autonomic nervous system. No major side effects 
have been discerned, except with very large doses, and 
no permanent physiological changes have been reported. 
Tolerance is apparently not developed on successive 
injections, and the drug is normally excreted within 
several hours after administration (1, 2, 4, 5). The 
administration of TEA followed the procedure outlined 
by Auld (3). A solution of 12.5 mg/cc concentration 
was used. The experimental animals received an 
intraperitoneal injection of 31 mg/kg of body weight, 
while the control animals received a volumetrically 


equivalent amount of physiologically normal saline 
solution. 


Procedure 


Training. On the first day of the experiment the 
animal was placed in the experimental apparatus for a 
9-min. period. An electric shock of 150 v. through 
175,000 ohms resistance was administered for 10 sec. 
after the animal had been in the apparatus for 3 min., 
and once again, after 6 min. The animal was returned 
to the home cage at the end of the 9-min. period. This 
Procedure was repeated after an interval of 4 hr. 
There was no additional training. The experimental and 
control groups followed the same training procedure. 

Extinction. Following training, the experimental 
procedure involved a series of 20 nonshock trials. Two 
trials were conducted daily for ten successive days after 
training. For the experimental group, the autonomic 
nervous system was blocked on alternate trials; for the 
control group, the autonomic nervous system was 
normal on all trials. The hypothesis was tested on the 
basis of activity during those intervening trials in which 
the autonomic nervous system was normal for both 
experimental and control groups. In terms of the 
activity of the autonomic nervous system, the series of 
20 extinction trials for the experimental group followed 
the sequence: normal, blocked, normal, blocked, etc.; 
for the control group, on the other hand, the autonomic 
nervous system was normal on all 20 trials. The effects 
of temporary autonomic blockage were determined by 
Comparing the activity of animals in the experimental 
group during those trials in which the autonomic 

‘as normal and the activity of animals 

up on Corresponding trials. 
_ On the first trial of each day the animal was placed 
in the apparatus for 5 min., and the number of spaces 
ra g this period was counted. For the first 
trial each day the procedure was identical for both 
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experimental and control groups. Four hours after he 
first daily trial, the animals in the experimental grong 
received an injection of TEA, while the animals in tl ; 
control group received an equivalent injection Be 
physiologically normal saline solution. Twenty ae 
was allowed for the drug to take full effect; al 
20 min. the animal was placed in the apparatus for a 
second 5-min. period. X 

The E a] group received 10 trials Tin 
autonomic nervous system normal (the first oa ee 
each day), and 10 trials with the peripheral action o 
autonomic nervous system partially blocked (the seco 


@ control group 


© experimontal 


group 


TRAVERSED 


OF SPACES 


NUMSER 


TEST TRIALS 5 als 
nim: 
Fic. 1. The number of spaces traversed by a! 


ii t! 
in the experimental and control groups during 
series of nine test trials 


tal 
trial of each day). The control group received thela 
of 20 extinction trials with the autonomic ne after 
system normal. With the exception of the doy ate 
training, the first trial of each day provided the tivity 
of the dependent variable, viz., the amount of a yous 
of experimental animals with the autonomic ne th 
system normal after one or more trials in ve th 
autonomic nervous system had been blocked, Ki 
amount of activity of the control group in vei all 
autonomic nervous system had been norma ered 
Previous trials. If the 20 extinction trials are ase 19, 
consecutively, the odd-numbered trials, 3 ines oth- 
can be designated test trials; according to the pimals 
esis, it was predicted that the experimental animals 
would evidence more activity than the control a? he 
on these trials. The second trial of each ae e 
even-numbered trials, represents the independe y 3587" 
able, viz., encountering the situation previo ai ous 
ciated with electric shock with the autonome a ith 
System blocked vs, encountering this situati 
the autonomic nervous system normal. 


AUTONOMIC FUNCTIONING AND EXTINCTION 


RESULTS AND DISCUSSION 


leone was measured in terms of the 
i, ol Pope traversed by a rat during 
as a. n estimate of pretraining activity 
Period in oe from an initial 3-min. 
i min ae before the first electric 
aati treve somo ope The mean number of 
group dunt se by the rats in the experimental 
OF the aa this first 3-min. period was 33.2; 
a s in the control group, 31.4. The 
aa eh greater than one in five that these 

ie utions could come from the same 
fukin and the slight difference between 

3 not statistically significant. 

emotional Berar that the conditioned 
Mental pro sponse of animals in the experi- 
an the, me would extinguish more rapidly 
etimenial the control group, and that the 
re fe _Broup, | therefore, would show 
ata, su vity during the test trials. The 
dict g a area in Figure 1, clearly contra- 
Spaces tr prediction. The mean number of 
ials ACS during the total of nine test 
OF the e experimental group is 39.6, and 
Cludeq — group, 86.7. It must be con- 
of the ne that, under the conditions 
®utonomie esent experiment, blocking the 
Xtinction Her system during part of the 
crease ie does not increase activity nor 
h e conditioned emotional response 


Ubse eras 
quent trials in which the autonomic 


o A 
è : System is normal 
.~ Con . 
irtivity trol group consistently showed more 


€ K 
of test a the experimental group during 
the € total a and the difference in the means 
© test ti ala of spaces traversed during 
istically S by rats in the two groups is 
ence, erien at the .05 level of 
ner SUggests phe ieee direction of the 
inne 5 system” at blocking the autonomic 
of ‘bits, tether k, part of the extinction trials 
sen Conditi an facilitates, the extinction 
u oned emotional response on sub- 


t trials ; 
als in whi hi 
i ich t i 
is normal. e autonomic nervous 


Rte; 


SUMMARY 


the . “8S predi 
autonoma ed that temporarily blocking 
nervous system would decrease 
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a conditioned emotional response on sub- 
sequent trials in which the autonomic nervous 
system is normal. Two groups of albino rats 
were Ss of the experiment, which involved 
administration of electric shock followed by 
20 nonshock extinction trials. The autonomic 
nervous system of the experimental animals 
was blocked on alternating trials, and the 
strength of the conditioned emotional response, 
estimated by a measure of activity, was 
determined on the intervening trials in which 
the autonomic nervous system of both experi- 
mental and control animals was normal. The 
results clearly contradict the prediction, and 
it is concluded that temporarily blocking the 
autonomic nervous system does not decrease 
the conditioned emotional response when the 
autonomic nervous system is normal. The 
data suggest the hypothesis that temporary 
autonomic blockage inhibits, rather- than 
facilitates, extinction of a conditioned emo- 


tional response. 


REFERENCES 


1. ACHESON, G. H., & MO, G. K. The action of 
tetraethylammonium ion on the mammalian circu- 
lation. J. Pharmacol., 1946, 87, 220-236. 

2. AcnEson, G. H» & PeremRa, S. A. The blocking 
effect of tetraethylammonium ion on the superior 


cervical ganglion of the cat. J. Pharmacol., 1946, 


87, 273-280. 

3. Aux, F., JR- The effects of tetraethylammonium 
on a habit motivated by fear. J. comp. physiol. 
Psychol., 1951, 44, 565-574. i 

4. GRUHZIT, O. M., et al. Tetraethylammonium chlo- 
ride. Acute and chronic toxicity in experimental 
animals. J. Pharmacol., 1948, 92, 103-107. 

5, LEVINSON, J. E., et al. Variations in blood pressure 
response to repeated administration of tetraethyl- 
ammonium chloride. J. clin. Invest., 1948, 27, 
154-155. , 

6. MILER, N. E. Learnable drives and rewards. In 
S. S. Stevens (Ed.); Handbook of Experimental 
Psychology- New York: Wiley, 1951. Pp- 435-472. 

7. Soromon, R. be L. C. Avoidance 

conditioning in normal dogs and in dogs deprived 

of normal autonomic functioning. Amer. Psychol- 
ogist, 1950, 5, 264. (Abstract) 


Received April 18, 1953. 
Early publication. 


EFFECT OF THE HUNGER AND THIRST DRIVES: UPON EXPLORATORY © 
BEHAVIOR 


~ 


KAY C. MONTGOMERY 
Yale University 


ie is commonly assumed that amount of 
ie oratory behavior isa positive function of 
bi si of primary drive, e.g., hunger. From a 
lological standpoint such a relationship would 
Possess survival value for an organism: when a 
aed drive arises, general activity increases. 
aoe the probability that a “successful” 
eae e.g., one leading to food, will occur 
increases. 
Certain observations made by the author 
during his investigations of exploratory behav- 
Or (3, 5) suggested that the above assumption 
May be false or, at best, oversimplified. 
“or example, rats kept on a restricted diet for 
Ve days showed no increase in amount of 
exploratory behavior over rats allowed free 
poe to food (3). Moreover, in several 
Udies of adult female rats no evidence was 
ne of marked cyclic changes in amount of 
ae oratory behavior such as would occur if the 
rus cycle were a determining factor. 
re present paper reports two experimental 
S of the above assumption. 


P EXPERIMENT I 
Ur pose ; 


an his experiment was designed to determine 
€ther food or water deprivation affects either 


he : 
amount or the orderliness of exploratory 
ehavior, 


m ethod 


Wis tects. The Ss were 24 female albino rats of the 
ever bee They were about 100 days old and had 
T been used in an experiment. 
hinbieep The apparatus consisted of an enclosed, 
Roan fen Single-unit Y maze constructed from 34 
ide ed white pine. Each arm was 24 in. long, 4 in. 
Cloth, ae 4 in. high, and was covered with hardware 
Square he maze was placed in the center of an 8-ft. 
Dateq ee eure formed by black curtains and illumi- 
Choice Y a single 40-w. bulb suspended $ ft. above the 
Mark, eoat Lo facilitate observation, each arm was 
anid of in 12-in, “units.” The Æ observed the 
als in the maze from behind the curtains. 


S; 


1 
chee experiments were conducted in the Psy- 
gical Laboratory of Cornell University. 


Procedure. Eight rats were assigned at random to 
each of three groups, a hunger group (H),.a thirst 
group (T), and a control group (C). The experiment 
lasted seven days. On days 1 through 7 group H was 
placed on a 7-gm. maintenance diet, group T was 
given access to water for 1 hr. per day, and group C 
was allowed free access to both food and water. On 
day 5 each rat was permitted to explore the Y maze 
freely for 5 min.; on days 6 and 7 each animal was 
exposed to the maze for 10 min. The Ss were always 
placed in the maze at the choice point. For each 
animal on each day a record was made of the number 
of 12-in. units explored per minute and the order in 
which the units were explored. The criterion of a 
maze-unit exploration was a full body-length entry 
into a 12-in. unit. Neither food nor water was ever 
present in the maze. The animals in groups Hand T ` 
were given their daily food or water ration at least 
16 hr. after they were removed from the maze. 


Results 

Amount of exploratory behavior. Amount of 
exploratory behavior is measured by the 
number of 12-in. units explored. These data 
are summarized in Table 1 and in Figure 1. 
Inspection of the table reveals (a) that group 
C exhibited a greater amount of activity than 
either of the other two groups and (b) that 
there was little or no difference between 
groups H and T in amount of activity. Sta- 
tistical analyses bear out these conclusions. 
The total number of 12-in. units explored by 
each rat was obtained for each day and for all 
three days combined. Four analyses of variance ‘ 
were run on these four nen of ee p 

tween-group F ratios and their significance 
heels ey eee in Table 1. Three of the 
four F’s are significant at the 05 level or 
better. A series of į tests shows that in no case 
is there a significant difference between groups 
H and T in average amount of exploratory 
behavior, and that group C exhibits a greater 
amount of activity than either of the other 
groups on days 2 and 3 and on all three days 
combined. Hence, food or water deprivation 
significantly reduces amount of exploratory 
behavior in a simple maze. 
In Figure 1 mean amount of exploratory 
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behavior is plotted as a function of time of 
exposure to the maze. The data for groups H 
and T are combined, and the data for days 2 
and 3 are combined. Group H-T exhibits a 


TABLE 1 


Mean Number of 12-In. Units Explored by Each 
Group on Each Day* 


BE- 
DAY | GROUP C GROUP H GROUP T TWEEN- ? 
| Group F | 

1 | Sai | 44:0 | a | aor) = 
(12.4) | (5.4) | (12.5) 

2 | 84.9 | 63.2 | 67.6 | 5.47] .05 
| (15.4) | (14.1) | (11.7) 

3 | 80.9 | 59.1 | 60.9 | 10.66 | .001 
(13.6) | (7.2) | (10.2) 

Total | 218.9 | 166.6 | 172.8 | 8.26] .01 
(37.6) | (20.3) | (23.3) 


* Values in parentheses represent the best estimate of the SD 
of the population. 
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Fic, 1. Average amount of exploratory behavior 


as a function of time for the deprived and control 
groups 


lesser amount of activity than group C 
throughout the exposure period. The curves, 
however, are similar in shape. When the 
H-T curve is multiplied through by the 
constant 1.32, it is closely superimposed 
upon the curve for group C. Thus, food or 
water deprivation produces a general reduction 
in amount of exploratory behavior but does 
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not change its relation to time of exposure 
to a simple maze. 

Orderliness in exploratory behavior. The 
number of times each animal entered three 
unlike arms in succession was tabulated for 
each day. The resulting values were averaged 
and converted into percentages for each group: 
The results are summarized in Table 2. No 
differences among groups are evident. Over 
the three days the average for all three groups 
is 68 per cent, a value far greater than the 
-001 fiducial limit based upon chance. i 
value compares very favorably with the 6 
per cent obtained in an earlier study (3) 1? 
which rats were permitted to explore 4? 


TABLE 2 bF 
Percentage Choice of Three Successive Unlike Arms’ 


TOTAL 


% 
ee 


GROUP C GROUP H GROUP T 


DAY 


ETEA ESETE TE 


0 
1 103| 75.8} 82| 75.2} 77| 70.6, 262 ree 


2 |150] 63.6 111| 65.0, 114| 66.3) 375 He 
3 | 149] 69.3) 105) 66.1! 109| 68.1) 363| Pep 
Total | 402| 68.6] 298 67.9| 300| 68.0, 1000 


ening three 
* N represents the total number of triads containing 
unlike members. 


syond+ 
t All percentages differ from chance at the .01 level or bey 
‘ ms: 
elevated Y maze constructed from 30-1. atin 
In brief, neither food nor water dep v havior 
affects the orderliness of exploratory beha 
in a simple maze. 


EXPERIMENT II 
Purpose 


This experiment was designed (a) to P 
a check on the results of Experiment I 4 func 
to obtain a first approximation to me dep- 
tional relationship between length of f0° jor. 
rivation and amount of exploratory behav 


Method 


the 
Subjects. The Ss were 20 female albino rats 4 pad 
Wistar strain. They were about 100 days old @? 
never been used in an experiment. son] iD every” 
Apparatus. The apparatus was identical Í 
respect with that used in Experiment I. dom a 
Procedure. Ten rats were assigned at T™ cont? 
each of two groups, a hunger group (H) and rals wet 
group (C). Prior to the experiment all ani ir nom 
allowed free access to food and water in H ued a 
cages at all times. This treatment was contin’ ts i 
group C throughout the experiment. R 


rovide 
nd (b) 
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eee si however, were given no food after being 
On ae cages for their first maze exposure. 
aBifnal a the four days of the experiment each 
Oni was permitted to explore the Y maze freely 
i tha Sin Neither food nor water was ever present 
at the aaa The Tats were always placed in the maze 
ee hoice point, and their behavior was recorded 
me way as in Experiment I. 


i 


Results 


Ses of exploratory behavior. These data 
Te ee in Table 3 and in Figure 2. 
able 3 presents the mean number of 12-in. 


units explored by each group on each day 


M TABLE 3 
can Number of 12-In. Units Explored by Each 
Group on Each Day* 
DAY GROUPC | GROUP H t d 
1 97.0 | 91.5 65 — 
(10.1) | (24.8) 
2 81.4 63.9 2.65 | .02 
(11.7) | (16.7) 
3 77.8 | 55.5 | 3.47 01 
4 (12.6) | (16.1) 
a> 56.1 2.64 02 
14.7) | (20.3) 
Days2-4 | 236.2 | 175.5 | 3.40 | .o1 
(35.1) | (44.2) 


Values į 
in F 
Of the n represent the best estimate of the SD 


an 
the ae 2 to 4 combined. It also presents 
for al sat and their levels of significance 
of the “ne comparisons. Inspection 
did not € reveals that on day 1 the groups 
behavior are in amount of exploratory 
lays 2 ut that on days 2, 3, and 4, and on 
Significant 4 combined, group H exhibited 
Serieg of 1 y less activity than group C. A 
Significa tests shows that both groups exhibit 
t R less exploratory behavior on day 2 
Ro furth ay 1 (.01 level), but that they show 
that X er decrease. These results indicate 
p nificant PS food deprivation produces a 
chavior, b ecrement in amount of exploratory 
tion Pro ut that (6) 48- and 72-hr. depriva- 

bert Figu uce no additional decrements. 
havior re 2 average amount of exploratory 
tiods oE Plotted as a function of 2-min. 
ot data ess exposure for both groups. 
sh Yes for th ays 2 to 4 are combined. The 
ape, both de two groups are similar in 
creasing in a regular manner, 
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but the curve for group H is consistently 
below that for group C. If the curve for 
group H is multiplied through by the constant 
1.36, it is closely superimposed upon the 
group C curve. This value is very close to the 


MEAN NUMBER OF I2-INCH UNITS EXPLORED 


PERIODS OF TWO MINUTES 
Fic. 2. Average amount of exploratory behavior 


as a function of time for the deprived and control 


groups on days 2 to 4 


TABLE 4 
Percentage Choice of Three Successive Unlike Arms* 
GROUP C GROUP H TOTAL 
Si N % N % N % 
1 226 | 68.3 | 207 | 68.8 433 | 68.5 
2 174 | 63.1 | 123 | 58.9** 297 | 61.2 
3 172 | 66.2 | 116 | 65.6 288 | 65.9 
4 169 | 66.0 | 118 | 65.6 287 ee 
Total | 741 | 66.0 564 | 65.1 1305 å 


* N represents the total number of triads containing three 
1 


unlike members. , 
** Significantly di eren 
other percentages are signi! 


fferent from chance at the .02 level; all 
ficant beyond the .001 level. 


1.32 found in Experiment I. In brief, food- 
deprivation periods of 24, 48, and 72 hr. 
produce an over-all reduction in amount of 
exploratory behavior but do not affect its 
relation to time of maze exposure. 
Orderliness in exploratory behavior. These 
results are summarized in Table 4, which 
presents the total number of three-unlike-arm 
triads for each group on each day and for all 
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days combined. The corresponding percentages 
are also given. Inspection of the table reveals 
that there are no appreciable differences 
between groups on any one day or on all days 
combined. All percentages differ from chance 
at the .02 level or beyond. The combined 
average for both groups over the four days is 
66 per cent, a value in close agreement with 
the 68 per cent obtained in Experiment I. 
To summarize: food-deprivation periods of 24, 
48, and 72 hr. produce no changes in the order 
characteristics of exploratory behavior in a 
simple maze. 


DISCUSSION 


The major findings of these two experiments 
are: (1) 24-hr. food or water deprivation (a) 
significantly reduces amount of exploratory 
behavior but (b) does not affect its orderliness; 
and (2) 48- and 72-hr. food deprivations (a) 
produce no further reduction in amount of 
exploratory behavior and (b) do not change 
its order characteristics. 

Results 1a and 2a contradict the common 
assumption that exploratory behavior increases 
in amount when a primary drive arises. Two 
possible explanations of this finding will be 
considered. First, it is possible that food or 
water deprivation strengthens certain behav- 
iors that are incompatible with the kind of 
exploratory behavior measured in these experi- 
ments. Hence locomotor activity is reduced 
because of competing behaviors such as 
sniffing or chewing on maze corners. Although 
no quantitative data were recorded, E detected 
no differences among groups in either kind or 
incidence of behaviors. Furthermore, this 
hypothesis implies that the hunger and thirst 
groups differ in kinds of competing responses. 
Thus, they might be expected to differ in 
amount of reduction of exploratory behavior, 
Such a difference did not occur. It also leads 
to the prediction that, because the frequency 
or strength of competing responses should 
increase with strength of hunger drive, the 
amount of reduction in exploratory behavior 
should increase with length of deprivation. 
The results of Experiment II do not confirm 
this prediction. Therefore, although it is not 
disproved, this hypothesis is not supported 
by available observations. 

The second explanation concerns drive 
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interaction. This kind of phenomenon is not 
unknown. For example, it is well known that 
an animal which is both hungry and thirsty 
eats less than an animal which is hungry 
only. It is hypothesized that the presence of a 
primary drive such as hunger reduces the 
strength of the exploratory drive evoked by 4 
novel situation. Thus, less exploratory behav- 
ior occurs in that situation. The present 
results are in agreement with this hypothesis: 
in all deprived groups amount of exploratory 
behavior began at a level less than that of the 
controls and decreased in a regular manner. 
If exploratory behavior is viewed as general 
activity, there is an apparent contradiction 
between the present results and those reported 
by certain other investigators. Studies 1 
which activity cages are used yield greater 
amounts of general activity when such drives 
as hunger, thirst, and sex are present than 
when they are absent (e.g., 1, 6). However, the 
procedure employed in such studies differs 
in one important respect from that used in the 
present experiments. Instead of being expos“ 
to a novel environment for a limited time eac® 
day, the Ss are either permitted to live in 
activity cage or are given free access tO ‘OM 
at all times. Under the latter conditions it * 
probable that the strength of the exploratory 
drive aroused by the cage rapidly decreas? 
to and remains at a low level. Therefore, t 


measurements reported reflect the gt 
these drives upon general activity in gth 


absence of any appreciable degree of stren: a 
of the exploratory drive, i.e., they are ™ 
indices of exploratory behavior per se. | to 
This consideration makes it possible te 
resolve the apparent contradiction st# ry 
above. The exploratory drive is a pat 
motive, largely but not wholly indeper¢ a 
of other primary drives. When it exists, me 
high state of strength it exerts a domi” ef 
influence on behavior, even when oe 
primary drives are present. Because, als 
maze was a novel environment for all gee. 
in the present experiments, it aroused & St” ced 
exploratory drive that in turn pro? 
exploratory behavior, not “general BC ives 
The statement that the exploratory | ary 
when strong, predominates over other P2™ ns 
drives is supported by numerous observ4 
of the author that even very huns'Y 
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thirsty rats will not eat or drink in a novel 
environment until they have explored it. 
aa 1b and 2b indicate that a hungry 
Peck irsty rat is neither more nor less “sys- 
han as = exploring a novel environment 
ae gene rat. (However, this does not 
ee previously established behavior 
ot sek 5 searching, e.g., for food, are 
A hee os y relatively novel environments, 
eee stimulus generalization will not be 
evidence (2 These results support previous 
BE tke ti G 3, 4, 5) that exploratory behavior 
n m studied in these experiments is 
ee er the control of external stimuli. 
at the i int the statement made above 
argely ‘uae oratory drive is a primary drive, 
ech ependent of other primary drives: 
Set en a of exploratory behavior de- 
ae ‘ae er food and water deprivation, no 
E its orderliness occurred. Moreover, 
oa favor the second, but not the 
> pal two hypotheses presented above. 
Tengthen e a drive such as hunger 
xplorato s i; ehaviors that compete with 
Ateri, ehavior, then the order char- 
fre o the latter should be changed, 
With len ae of the change should vary 
naien. deprivation. Neither prediction 
Primary Pies (4) If the presence of another 
het simply reduces the strength of 
explorat ry drive, then the orderliness 
hanged id behavior should remain un- 
Tesults of his expectation is confirmed by the 
e a experiments. 
that bal os offered for the finding 
o ad diti Privation beyond 24 hr. produces 
Ploratory onal decrement in amount of ex- 
cought x Shean Presumably the relation 
“Privation 2 between zero and 24 hr. of 
Cha, Should * et 
int'*®Cteristicg 7 pointed out that „the two 
RE a eais exploratory behavior found 
E at ia pe over-all decrease in 
es of eee ange in orderliness under 
ad organism, en ee value 
antage a t is to a deprived organism’s 
at it (a) conserve its bodily 
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resources while exploring a novel environment 
which may or may not contain a commodity 
relevant to its existing need and (b) explore 
that environment thoroughly. 


SUMMARY 


Two experiments are reported in which the 
exploratory behavior of satiated and variously 
deprived rats was studied in a simple Y maze. 
The major findings are that food or water 
deprivation (a) significantly reduces amount 
of exploratory behavior, the maximal decre- 
ment occurring by 24 hr. for food deprivation, 
and (b) does not affect the orderliness of 
exploratory behavior. These results are inter- 
preted as providing evidence that the explora- 
tory drive is a primary drive, aroused by 
external stimuli, which undergoes a decrement 
in strength when another primary drive is 
present. It is concluded that the commonly 
held assumption that amount of exploratory 
behavior is a positive function of the strength 
of such primary drives as hunger and thirst 
is an oversimplification; the conditions deter- 
mining the strength of the exploratory drive 
must be taken into account. 
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RELATION OF RANDOM ACTIVITY TO FOOD DEPRIVATION 


BYRON A. CAMPBELL anp FRED D. SHEFFIELD 


Institute of Human Relations, Yale University 


It is usually taken for granted in textbooks 
of general psychology that increased “drive” 
produces increased random activity. For 
example, Dashiell says in his latest revision 
of his general text: “The unbalanced state 
[hunger] drives the organism into activity, 
and the activity continues until a steady 
state is restored” (2, p. 141). 

It is also commonly assumed that the 
mechanism by which a drive state increases 
activity is a strong external or internal 
stimulus. Thus, pain from external shock has 
been treated as a typical drive state (3, 4), and 
activity produced by hunger has been treated 
as a response to a strong internal stimulus (6). 

An alternative mechanism is that drives 
involve lowered thresholds to external stimu- 
lation. This hypothesis would predict little 
change in activity in an animal in a drive state 
unless there were some external stimulation. 
According to this hypothesis the drive state 
does not force activity; it merely makes the 
animal more responsive to environmental 
changes. Previous studies relating hunger drive 
to activity (e.g., 5, 7) have not made a specific 
attempt to maintain a constant environment. 
The main purpose of the present experiment 
was to compare the random activity of hungry 
animals before and after a marked environ- 
mental change. A second purpose was to re- 
late this comparison to degree of deprivation. 
A third purpose was to check the hypothesis 
that drive activity is mediated by an increase 
in stimulation. 


METHOD 


The Ss were 12 mature Wistar rats with a weight 
range from 310 to 410 gm. at the outset of the experi- 
ment. The activity measure used was worked out 
after a good deal of trial and error on a variety of 
devices for recording activity. The unit finally used 
has been described elsewhere (1). It consists of a 
round cage with four sensitive microswitches placed 
at each of the four quadrants. It is pivoted at the 
center and has about }¢-in. clearance in tipping in any 
direction. It is wired so that any shift in the location 
of the “tilt” among the four quadrants will advance 
an electromagnetic counter. The apparatus usually 


fails to record certain small movements like scratching, 
but it records larger movements such as moving from 
one quadrant to another or shaking the cage. 

Six of these units were installed in a cabinet sound- 
proofed with Celutex. The cabinet was well ventilate 
by an exhaust fan, which also dominated the auditory 
field of the rat. To make doubly sure that auditory 
stimuli outside the cabinet would not afiect Ss, the 
cabinet was placed in a soundproofed room for m 
duration of the experiment. The auditory field coul 
be varied by turning off the exhaust fan; the visua 
field could be controlled by turning on lights inside 
the two chambers of the cabinet, which were otherwise 
unlighted. > 

The animals were put into the cabinet and fed ay 
Purina pellets ad libitum for four days. They were the 
starved for three days. At a fixed time (noon) on a 
of the seven days their activity as recorded by t A 
counters was measured for 10 min., after which He 
environmental change was introduced and their activi’ 
was recorded for another 10 min. The environmen i 
change was both auditory and visual. The continu: 
hum of the exhaust fan in the cabinet was turned © 4 
and the lights in the cabinet were turned on. It shou Fs 
be further noted that the counters recorded “9 y 
base line—the activity of the animals over eve 
24 hr., exclusive of the two 10-min, tests each day- 


RESULTS AND DISCUSSION 


The main results are shown in Figure $ 
It can be seen that environmental cheng 
has a large effect on the random activity 0" 
When the fan went off and the lights came © 
Ss became more active. This was true whether 
Ss were satiated as in the first four days s 
whether they were hungry as in the gec? 
three days. This general difference is ae 
the high level of the dotted line as contras ws 
with the solid line. The latter curve ShO 
the mean number of counts per hour 1P e, 
10-min. tests before the environmental charg 
The solid line varies somewhat but see™® ell 
hold to a fixed level. The difference is Y 
beyond the .01 level. t 5 

It can also be noted in Figure 1 te 
show a tendency toward adaptation t tio? 
environmental change during the ee pat 
period. They reduced their activity 500°% pe 
by the end of four days of adaptation t° pyt 
cages and the environmental change esse 
when they are deprived of food, they 1° 
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FOOD DEPRIVATION AND RANDOM ACTIVITY 


z aoe Process and show a significant 
change sg ‘aed in response to an external 
feu gs of deprivation are increased. 
ee Lows no noticeable trend toward an 
e during the tests given just before the 


300 


----2 
ATTO MIN. TEST A 


l 
= 7” (STIMULUS PRESENT) 
è | # 
ī 7 
x | 
S200 | = 
b “ii 
5 - 
> 
è 
L 
è '00 
S 
= IO MIN TEST B 
< (BEFORE STIMUWS 
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1 

t = a g 6 7 

PIG: 

C ton effect of deprivation on the activity 

as environmental change 

tivity Bua ate comparison of 10-min. test period ac- 
re plita daily activity, the data in Figures 1 and 

measure h in terms of counts per hour. To obtain this 

Were multi e activity scores for the 10-min. test periods 

by 24, iplied by six and the 24-hr. scores were divided 
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ACTIVITY (COUNT PER HOUR) 


l 2 
Fte, DAYS AFTER DEPRIVATION 


N. p , 
omparison of the effects of deprivation 


Ontan; , 
en eous” 


nvironmental chee and the activity response 


f l change 
Dvir 

0 
Mals nmental cha 


v nge, evi i- 
The Vere starved ge, even though the ani 


dy Tes Over three successive days. 
th, $ involva Support the idea that hunger 
an an int S a lowering of thresholds rather 
is g ogical a drive stimulus. 
wig! anma a aon of this interpretation 
alwa (Privat; ould show increased activity 
tion S gettin on simply because they are 
é E at least some external stimula- 
n feel their own responses, hear 
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their own microswitches whenever they click, 
and hear the clicking of microswitches of the 
other two animals in their section of the 
apparatus. These stimuli should combine to 
produce an effect similar to the controlled 
environmental change of fan off and lights on 
as sources of stimulation producing an increase 
in activity due to lowered thresholds. 

No significant rise was found in the 10-min. 
“before” tests, but they are not as reliable 
as the total activity through the 24 hr. of the 
three-day starvation period. If total activity 
over successive 24-hr. periods is plotted, a 
slight but statistically significant rise is found. 
This is shown by the solid line in Figure 2, 
and is compared with the effects of the con- 
trolled environmental change. The figure 
shows some increase in activity without any 
controlled change. The level of activity is 
much higher with the environmental change, 
however, and while both go up with depriva- 
tion, the increase is much more prominent in 
the case of a controlled environmental change. 


SUMMARY 


Random activity of 12 rats was measured 
seven days in a constant 
ring the first four days the 
d libitum diet; during 


for a period of 
environment. Du 
animals were on an a 
the last three days they were deprived of all 
food. Activity was automatically recorded 
over each 24-hr. period. It was also recorded 
for 10-min. periods before and during a gross 
change in the auditory and visual environment. 
It was found that: (a) an environmental 
change consistently produced an increase in 
activity; (b) without the environmental change 
there was a relatively small increase in activity 
with deprivation whereas there was a relatively 
large increase with deprivation during the 
environmental change. 
The main conclusion is that hunger drive 
seems to involve lowered thresholds of response 
rather than internal stimulation to activity. 
The slight rise in general activity as the 
animals are starved over a three-day period is 
interpreted as due to their greater sensitivity 
to minimal stimulus changes in the environ- 
ment provided. This rise was small relative 
to the rise in the effects of a large environ- 
mental change during the same starvation 
period. Starvation does not instigate activity; 


322 BYRON A. CAMPBELL AND FRED D. SHEFFIELD 


it only lowers the threshold for normal stimuli 
to activity. 
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XPLORATORY BEHAVIOR AS A FUNCTION OF HUNGER IN “BRIGHT” AND 


“DULL” 


RATS! 


WILLIAM R. THOMPSON 


McGill Un 


ee Stent = — out for two 
Berl mmed from the work of 
erlyne (1) and Montgomery (2, 3, 4) on 
Curiosity and exploration. These investigators 
ound that rats tend to explore in a systematic 
manner an unfamiliar place or object, and 
that the amount of attention given by the 
animals decreases as a function of time. 
Berlyne (1) has given his results a Hullian 
treatment, postulating curiosity as a drive 
Which is reduced under the perceptual stimu- 
lation arising from exploratory activity. By 
Virtue of this need reduction, learning occurs. 
ontgomery’s experiments, while giving some 
Support to this interpretation, also tend to 
Contradict it by showing that over five days of 
testing the amount of exploration shown each 
ay by an animal tends to remain constant, 
tather than to decline, as one might expect 
from Berlyne’s postulates. The two authors 
Used different procedures, however, for meas- 
uring exploratory behavior. Montgomery’s 
Method involved a much greater component 
Of sheer motor activity than Berlyne’s. 
i Subsequently, Montgomery (4) „examined 
he effect of food and water deprivation on 
exploratory activity. He found that under 
Such conditions (five to seven days of reduced 
tations), rats explored not more but less than 
Control animals not deprived. Orderliness of 
t Ploration remained unchanged. This reduc- 
ìon gave support to Montgomery’s hypothe- 
Sis that “the presence of a primary drive 
Such as hunger reduces the strength of the 
exploratory drive evoked by a novel situation” 
Personal communication). However, he also 
duced that this might not necessarily hold 
n a highly complex and novel situation where 
Ungry or thirsty animals might explore 
more rather than less. 
i The present experiment attempts to check 
€ effect of food deprivation on the amount 
N ‘ This research was supported by grants from the 
ational Research Council of Canada and the Rocke- 


cller Foundation. 
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iversity 


and quality of exploration with groups 
deprived completely for relatively Short peniads 
and tested on a maze different from tke 
mazes used by Montgomery. 

The second purpose of the experiment was 
to discover if any differences in exploratory 
behavior could be shown between ‘“‘maze- 
bright” and ‘maze-dull” rats. At McGill 
University, two such strains have been bred 
selectively on the basis of performance in the 
Hebb-Williams maze. At the fifth generation, 
overlap between the two lines was found to be 
almost completely eliminated, there being 
only one exception. In order to try to avoid 
the difficulty of having differences between the 
strains in traits other than the one on which 
selection was made (cf. Searle, 6), the pre- 
ceding generation was tested on several simple 
measures of motivation and emotion. Selection 
was then carried on so as to randomize 
differences in these characteristics, as well as 
in body weight, while at the same time 
maximizing differences in the relevant trait 
(7). In these tests, as well as on the maze 
itself, there was some indication that there 
might be a difference in exploratory drive 
between the McGill bright and dull animals. 
Consequently, it was decided that this possi- 
bility could well be examined coincidentally 
with the problem outlined above. 


METHOD 


Animals ties 
i i females) an 
venity-eight «pright” (11 males, 17 a 
32 Taal a4 males, 18 females) rats of the McGill 
strain were used. All were experimentally naive and 
between 70 and 80 days of age. All were in good health. 


Apparatus 

An elevated maze was used. Tt was in the shape of a 
rectangle 15 in. by 30 in, divided in the center so as to 
give seven units, each 15 in. in length and 3}¢ in. wide. 
The pathway was 3 ft. from the floor. The whole maze 
was painted a flat black. Uniformity of surround was 
supplied by curtains of black cloth enclosing the maze 
on the sides and top. Lighting, from the neon overhead 
lights in the experimental room, was low and diffuse 
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inside the cloth enclosure. A small hole was cut in one 
side of the curtain to permit observation by E. 


Procedure 


Each rat was assigned at random to one of three 
food-deprivation groups, 0-, 24-, and 48-hr. deprivation, 
with 20 rats per group. Each group could be further 
subdivided according to brightness and sex. In the 
O-hr. group there were 10 bright (4 male, 6 female) and 
10 dull (4 male, 6 female) rats; in the 24-hr. group, 
there were 8 bright (3 male, 5 female) and 12 dull 
(6 male, 6 female) rats; and in the 48-hr. group, there 
were 10 bright (4 male, 6 female) and 10 dull (4 male, 
6 female) animals. At the start of each test, an animal 


UNITS EXPLORED 


I 2 3 4 5 
IOO-SECOND PERIODS 


Fic. 1. Exploratory activity in “bright” and “dull” 
rats as a function of time 


was inserted in the enclosure at the starting point of 
the maze (where the center unit met one of the long 
sides) and allowed to explore freely for one 600-sec. 
session. The latter was divided, after Montgomery (2), 
into six 100-sec. periods, and the animal’s path was 
traced during each of these. The testing was conducted 
at approximately the same time of day for all Ss in 
order to insure uniformity of lighting conditions. 
A month later, all animals were tested on the Hebb- 
Williams open-field maze. 


RESULTS 


The exploration curves for McGill bright 
and dull animals are presented in Figure 1. 
Unlike Montgomery’s curves (2), they de- 
cline only slightly over the 600 sec. of testing. 
The bright animals explored rather more than 
the dull during the first 300 sec., and less 
during the last 300 sec. However, these 
differences are not statistically significant. 
Within the bright and dull male subgroups, 
there did appear a tendency for maze ability 
and exploratory activity to correlate posi- 
tively. The correlations were 0.53 for bright 
and 0.68 for dull. Only the second of these is 
significant. No relationship at all appeared 
in the female groups. 


THOMPSON 


Table 1 shows the mean number of units 
traversed by male and female rats in each 
deprivation group. An analysis of variance 
computed on these data yielded a clearly 
significant difference between males and fe- 
males (F = 13.48, p < .001), but none between 
the three deprivation groups. However, the 
interaction between sex and food deprivation 
was significant (F 4.35, p < .05). AP- 
parently males and females reacted differently 
under different degrees of hunger, a fact which 
is evident from inspection of Table 1. Males 
showed steadily increasing activity with m- 
creasing amounts of deprivation, but the 


TABLE 1 ' 
Mean Number of Units Explored in a Seven-Unit 
Maze by Male and Female Rats under Three 
Degrees of Hunger 


HOURS FOOD DEPRIVATION 
SEX N Ten 
0 24 ee 
Male 25 | 33.9 | 38.8 | 4.8 
Female | 35 47.6 511 40. 


greatest difference, that between the — 
group and the 48-hr. group, in mean amoun ê 
of exploratory activity is not significan 
(t = 1.76, p < .10). Females showed @ sligh 
increase at first with 24-hr. deprivation, 4? 
then a sharp decrease with 48-hr. deprivatio”’ 
The difference between the last two deprivatio? 
groups is significant (¢ 2.13; PS 2 he 
Because of the rise shown by males and t T 
decline shown by females after 48-hr. hung? 
there was no sex difference in exploratory 
activity at this point. ifer- 
The data were finally examined for Ce 
ences between groups in the quality rat a 
than the quantity of exploration. In gen! E 
all units of the maze received some ee 
during the 600-sec. test sessions, but the a re 
units on either side of the starting point pom 
explored more, and the center unit bisect; A 
the maze was explored less than other un i 
These differences are, in fact, significa 
(chi square = 10.21, p < .01), and they Ss. 
shown more or less equally by all ae 
Each animal traversed each unit of the ™4 the 
certain number of times. The variance ° 
entries into each of the five units was ae 
for each animal, and an analysis of ar for 
was calculated on these variances to te 
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pane of differences between food- 
ae oa and maze-ability subgroups. Since 
Ea ar differences appeared, we can 
ght a hat all animals traversed the maze in 
hea T ee manner, favoring the units 
— rting point, but avoiding the 
A ” I re EN experiment, here, 
ten ag a tendency for animals to 
bile path traversed immediately before. 
a on of chance alone, we might expect 
a A rea (e.g. AA) as nonrepetitive 
To for a two-unit sequences. The data 
and “a t rats, an average of 7.0 repetitive 
600-sec — eee sequences in the 
tween ii ec period. The difference 
wes As Eg gag significant (chi 
comparison of th A pol sg 
Ronrepetiti he number of repetitive versus 
asagainet E three-unit sequences (e.g., ABB 
the Taa wi yields no significant difference, 
repetitive oar 6.9 repetitive and 7.3 non- 
n view i 
he sco the nature of the maze used in 
dicated ent and the unit preferences in- 
analyze by ey no attempt was made to 
ght- and left-going tendencies. 


DISCUSSION 


Th 
Seneral, the mai 
tr ery’s data an in results support Mont- 


i d verify Berlyne’ 

1. Explor verify Berlyne’s Postulate 
time of ex E activity of rats declines with 
ie Mince do a particular place. There is 
Ystematic Bee it is carried on in a very 


e $ 
SrDeriment shown by the animals in this 
maad by “a much less sharp than that 
SY have a ontgomery. This discrepancy 
it o Ea on differences in the 
, lepended ue but it is more likely that 
© there + differences in the mazes used. 
d the a a tendency for the rats to 
experime unit, the maze used in the 
© T and n was in a sense simpler 
Further mazes employed by Mont- 
uous, and” since the pathway was 
alleys in y oe were no corners OF 
St, “Boing ; ich an animal could crouch, 
antly en endencies may have been 
Session  UTAged, even at the end of a 


ile ha 
No di 
ats in ome between bright and 
Sex di Erene, atory activity were found, & 
e did appear. Female animals 
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ee eae es Ser zanie, TDs 
how a z La that female rats 
pe more general activity than males (5). 
Further, with increasing hunger, the amount of 
exploratory activity shown by females in- 
creased at first and then declined, while that 
of males tended to increase, so that under 
conditions of 48-hr. deprivation the difference 
between them was minimal. Since Montgomery 
(4) used only female animals in his experiment, 
these results are not in contradiction with his, 
but they do indicate that it is apparently 
not possible to generalize his results to 
males, The two sexes behaved rather differ- 
ently in the present experiment. 

This finding is not too easily explained. 
It is known that hunger increases general 
activity (5), and this may well relate to the 
increase in exploratory behavior shown by 
male rats. But the decrease shown by females 
still poses a problem. Perhaps a clue to its 
solution may be gained from some of the 
Columbia obstruction studies. In one experi- 
ment Warner (8) found that male rats crossed 
the grid a maximum number of times after 
four days of food deprivation, while females 
crossed most after only two or three days. 
If this means that under hunger conditions a 
maximum activity level is reached sooner by 
females than by males, it is in line with the 
present results. Thus female rats showed an 
increase in exploratory activity after 24-hr. 
food deprivation and a sharp decrease after 
48 hr., while males showed a steady increase 
up to 48 hr. , 

Whatever the explanation, such a result 
suggests & need for caution in formulating 


general laws of behavior. Sometimes differences 
in genetic constitution (as between the sexes) 
enough to produce gross 


be great 
diffe : he behavioral level. If these 


differences at t f 
are not taken into account and specified, the 


value of any broad postulates set up may be 
seriously reduced. 
SUMMARY 

nt was designed to examine 
i E f hunger on 

two main problems: (a) the effect o. ; 

exploratory activity and (b) the relation 

between maze brightness and exploratory 

activity. Sixty hooded rats, 28 McGill ‘bright” 

(11 males, 17 females) and 32 McGill “dull 


(14 males, 18 females), were used in the 


experiment. They were divided randomly into 


The experime 
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three food-deprivation groups, 0-, 24-, and 48- 
hr. deprivation. All were run on a seven-unit 
elevated maze for one 600-sec. test session. 
The path of each animal was traced and the 
number of units traversed per 100-sec. period 
was used as a basis for comparing the groups. 
The results justified the following conclusions: 

1. Exploratory activity in a restricted 
unfamiliar situation declines as a function of 
time. 

2. Food deprivation increases exploratory 
activity in male rats, but decreases it after a 
certain point in female animals. 

3. Maze brightness is not related to explora- 
tory activity as measured. 
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EATING AND DRINKING AS A FUNCTION OF MAINTENANCE SCHEDULE 


WILLIAM S. VERPLANCK ax JOHN R. HAYES! 
Harvard University 


als without water do not eat as much 
ie usual, and hungry animals do not 
int much water (4, 8, 13, 16, 17, 20). 
ae drink more after meals than at other 
ee he dog and hen (13) and the rat (20) 
Eie drop in food intake during water 
aon: Dogs (5, 11) and rats (20) 
sti if drop in water intake during food 
Water oe ea aan drink more after a period of 
availabl eprivation during which food is 
ond e than after a similar period with no 
Sr avaiable (17). The corresponding case 
inve ood intake apparently has not been 
Stigated. After protracted periods of food 
dri oer deprivation, rats exceed in both 
Bes and eating their average value 
5 eprivation (4). 
eg ete sets of data are available 
d sty dice a as they are encountered 
cance for th earning, although their sig- 
Vation» Zad nee formulations of “moti- 
Vestigators (60 oe has not escaped some 
Sive interact; P- 234; 22). Recent studies on 
A on ct ction,” “drive discrimination,” 
Control of Pca Itions” have involved the 
of es) e behavior of food-deprived and 
Placed k te rats by food and water 
AVe not ae boxes and alleys (21). These 
Petting * uniform results, so that it is 
E RR the matter more closely. 
cement on rning theorists are in fair 
cent ig : 2 definition of “drive.” This 
a pp D8 ro aea aening variable, ësplicitiy 
etd? The Pa S of operations and implicitly 
q Es for un i operations establish drives; 
foe tived i Be thirst, the animal is 
Cla. State od and water, respectively, 
ass d number of ho The second 
operations i urs. The seco 
‘Now ns is the measurement of 


2 at 
digg, Ws ox Massachusetts Institute of Technology- 
Xhe: ent Status, a €ory of drive (9) is in somewhat 
ther, menta] y, aws relating D to privation and other 

= but Pate les are not incorporated in the 
a) in the eft stated somewhat casually (eg-, 
à Di a hips we Supporting text. The details of these 
Meany Vere left open, presumably to be filled in 
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classes of behavior (running, bar pressing, 
eating) that vary with the duration of the 
preceding deprivation. The third, implicit, 
operation is that of satiation, usually giving 
the animal access to food and water long 
enough so that it neither eats nor drinks for a 
specified period. “‘Satiation” operations vary 
considerably. 

In this experiment, the operations are 
depriving the animal of food or water, or both, 
through stated intervals of time following free 
feeding and free drinking. The measure of 
behavior chosen is the total weight, in grams, 
of food and water ingested by the animal in the 
first hour following the period of deprivation. 
The adequacy of these measures has been 
established by others (1, p. 128; 2, 7, 15, 18, 19). 

‘The general plan of the experiment and the 
values of the variables investigated have 
been chosen to provide data useful for the 
interpretation of experimental data in the 


field of learning. 
EXPERIMENT I 


Method 
j 7 i ts (Hisaw strain) 
Subjecis. Twelve male albino ra! strai 
E in age from 97 to 100 days at the beginning 
of the first experiment were the Ss. Before the experi- 
ment, they were caged in groups of six, with continuous 
, 
access to food and water. es 
j Experimental room and apparatus. The rats lives in 
a small internal room, with one door (closed) an ae 
window. An automatic timer turned on two fo 
ceiling fixtures at 1900 daily; they were turned a ia 
roximately 0700. A heater was turned on Dy z 
R when the room temperature ni to R y 
7 trol humidity. - 
ttempt was made to con ; 
exants, ahr. record showed that the mean tempera 
3 


i was 70.8° F with a 
sata pero Pee F, the mean relative 
humidity was 50.0 per cent with a range from 39.5 
per cent to 62. p E A 
b; En pre a ge resting on a 
remesh grating mounted on a metal rack. A paper- 
lined tray under each cage coun 
particles that fell through the mesh. 


to control coprophagia. 
E easurements. Weighed rations of food, an San 
the amount the animal could eat, were placed in ea 


No attempt was 
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cage at the beginning of the period. At the end of the 
period, the food remaining was taken from the cages. 
Food particles were carefully collected from the trays, 
dried, and added to the food taken from the cages, 
and the whole then weighed. The difference between 
the initial amount and the amount recovered was 
taken as the measure of food eaten. The error of 
measurement in this operation was approximately 
05 gm. i 
o ee inverted, rubber-stoppered, 250-cc. chemical 
graduate was mounted on the side of each cage. A 
short length of copper tubing led from the stopper 
through the side of the cage. The amount of water, 
to the nearest .5 cc., removed by the animal was 
determined by reading changes of water level from the 
calibrated graduate. A water bottle fitted to an empty 
cage yielded corrections for losses due to dripping and 
evaporation. This measure was converted into grams. 
The experimental diet consisted of dry Purina 
Laboratory Chow biscuits and tap water. A small 
piece of fresh lettuce was given daily during the 
free-feeding period as a dietary supplement. 
Preliminary handling. For 17 days prior to the 
beginning of the experiment, the animals were kept 
on a 24-hr. feeding schedule. At 2200 daily, they 
were given food and water. At 2000 on the following 
day, food and water were withdrawn. 
Daily schedules. The experiment was performed in 
12 experimental periods of six days each. The first five 
days of each period were experimental ones; the sixth 
was a recovery day, during which the animals had 
unrestricted access to food and water. Each experi- 
mental day began at 2200. From 2200 to 1900 of the 
following day the animals underwent a 21-hr. depriva- 
tion period. At 1900, food and water ingestion through 
this period were measured. Then followed a measurement 
period extending from 1930 to 2030. At 2030, food and 
water ingestion were again measured. At 2045 all 
animals were given free access to food (including the 
lettuce) and water, and the trays were changed. 
Shortly before 2200, food and water were removed and 
clean trays placed under the cages. The deprivation 
period of the new experimental day began at 2200, 
when the experimental rations were given. Each day, 
then, incorporated a 21-hr. deprivation period, a 
second deprivation period of 1% hr., and a 1-hr. meas- 
urement period. The remaining time was devoted to 
experimental routine and to free feeding and drinking. 
On the fifth experimental day of each of the 12 
experimental periods, from 2200 to 2130 of the next 
calendar day, all animals had free access to both food 
and water. Food and water were then removed, and 
at 2200 the new experimental period began. 
Experimental treatments. Through all five deprivation 
Periods of each experimental period, any of four different 
treatments could obtain. The rat might be given: (a) 
food and water (FW), (b) food but no water (F), ©) 
water but no food (W), (d) neither food nor water (0). 
These, together with the immediately following 14-hr. 
Period with neither food nor water, establish four 
deprivation conditions: (a) FW—14-hr. food depriva- 
tion, i4-hr. water deprivation; (5) F—l4-hr. food 
deprivation, 21 )4-hr. water deprivation; (c) W— 
21 34-hr. food deprivation, 14-hr. water deprivation; 


(d) 0—21 }4-hr. food deprivation, 21 }4-hr. water 
deprivation. A = 

During the 1-hr. measurement period the animals 
could be given (a) both food and water (fw), (b) food 
but no water (f), (c) water but no food (w).3 é 

Measurements of both food and water ingestion 
were made at the end of both deprivation and measure- 
ment periods. i 

If we take all combinations of the two penan 
there are 12 different experimental treatments a 
deprivation and measurement. Each rat underwent 4 
12. The order in which any one animal went throug! 
them was determined by picking cards from a = 
The experiment was performed through the perio 
February 8 to April 21, 1951. 


Results 


Means of both food and water ingestion 
were computed for each treatment for the 
first two and for the last three days. Despite @ 
slight tendency for intakes to be lower on the 
last three days, no significant differen 
appeared. For this reason, the data presente 
are the arithmetic means,‘ for each rat, O 
daily food and water intake over all five days 
of each experimental period. 

Deprivation period. Table 1 presents th 
number of grams of food (1a) and water (10) 
ingested by the animals during each of, [ha 
three kinds of deprivation periods, subdivided 
according to the associated measureme? 
periods. In Table 1 two-tailed matched # tests 
of the differences show that the difference 
between columns are significant at better t he j 
the .001 level in all cases, and that the differ- 
ences within columns are not significant excep 
for the greatest difference in the right-havt 
column of Table 1a, which falls between mt 
02 and .05 levels of probability; this ee 
be expected by chance when 24 compariso 
are made. Ingestion during the deprive ta 
period did not depend on the measurem F 
period of the preceding day. The data in on 
column were therefore lumped. In the ean 
period, the animals ingested approxima ter 
51 gm. of substance when both food and w4 


e 


*In specifying the experimental treatments) it. 
notation introduced above will be followed throug 
When we refer to the amounts of food eaten, 
drunk, at any stage of the treatment, this 
will be extended by the use of italics. Thus to the 
refers to the treatment, whereas FWiw reicte, whe” 
quantity of water drunk during the 1-hr. perio! iva 
food is present, following a 14-hr. period of dep 
tion of both food and water. ary- 

*A log transform was not found to be necess 
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oe 39 per cent of which was dry 
ae how. This may be compared with 
gi nger’s 33 per cent (20). 
3 sacl food-deprived, the rats drank .41 
7 ee as when food was available, and 
water-deprived, they ate .57 of their 


TABLE 1 
3 Experiment I 
ood and Water Consumption during 
Deprivation Periods 


Foo 4 
Beton ishmption (gms.) during 21-hour Dep- 
eriods as a Function of Associated 
Measurement Period* 


(a) 


T] 


DEPRIVATION PERIOD 


AS! 
MEASURE Dy 
PERION F FW F/EW 
~ | Mean | sp | Mean | sp 
f 
11.81 | 1.83 | 20.34 5 
W 8 s 2.54 .58 
fy 10.83 1.40 | 20.39 | 2.56 53 
Mean 10.75 | 1.65 | 18.27 | 3.40 99 
11.13 | 1.63 | 19.66 | 2.86 Pj 
O w 
at i 
eptivation eemption (gms.) during 21-hour 
n Periods as a Function of Associated 
a Measurement Period* 
Keam n DEPRIVATION PERIOD 
sa 
PERIOD 7 w rW THERI 
a Mean SD Mean SD 
i a 
3 14.61 | 5.86 | 31.71 | 4.10] 44 
fw | 12-92 | 5.96 | 32.97 | 7.05 | .39 
ean | 14:29 | 5.38 | 29.22 | 5.00 | 39 
~ 94) 5.74 | 31.30 | 5.52 Al 
Er cel 
q ell, 5 observations on each of 12 animals. 
Orm; x 
al int, 
od F/p pea numbers are the W/FW 
Nditions los, respectively. Under these 
atak, the foodless animal limits i 
me aE pater anima imits its 
Uc » and the waterless animal 


Conc S 
consumpti amount of food it eats. Water 
an is fo d 1s reduced more in this way 
Dr easurom consumption. 
ang Stent Period. Tables 2a and 2b 
ter kaa P the amounts of food 
S, together uring the 1-hr. measurement 
E teged the f/ with their standard devia- 
bey S'S hay Jw, and w/fw ratios. Matched 


t e 
tach en each ooo made of the difference 
Th table, mean and every other mean of 


able z 
2a all differences are significant 
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at better than the .01 level, except $ 
(a) FW and FWfw differ between the 
and .05 levels of significance; this f/fw ratio 
however, is in conformity with ratios obtained 
over the 22 hr. of the ingestion period. (b) 
No significant difference appears between 


TABLE 2 
Experiment I 
Food and Water Consumption during 
Measurement Periods 


(a) Food Consumption (gms.) during 1-hour Measure- 
ment Periods as a Function of Preceding 
Deprivation Period* 


FOOD CONSUMED | FOOD CONSUMED 
AVAILABLE (GMsS.) WHEN (cus.) WHEN 
omc rinse 21 | ONAY Toe Gorm AVAILABLE | RATIO 
"iita nn. (oer | O) i) (iif) 
VATION PERIOD) 
Mean | SD | Mean | SD 
| | 
Nothing (0) 6.03 | 0.89 | 8.97 | 0.96 67 
Water (W) 7.02 | 1.05 | 8.68 | 1.02 „81 
Food and wa- | 2.52 | 1.05 3.60 | 1.22 .70 
ter (FW) 
Food (F) 1.11 | 0.50 | 5.55 | 0.88 20 
| (F/FW 
| | = .57) 


(b) Water Consumption (gms.) during 1-hour Measure- 
ment Periods as a Function of Preceding 
Deprivation Period* 


WATER CONSUMED] WATER conser) 
v .) WHEN 
avanante, | (CMS) amen | oop AND WATER 
DURING TE a AVAILABLE BOTH AVAILABLE | pare 
ER, OP (DEERE (u) E | (vw) 
ó HR. ae ae | 
— Mean SD Mean SD 
i 5 0 .42 
Nothing (0) 4.18 | 2.33 10.05 0.80 | 
Food (F) 14.00 | 3.45 |15.85 3.14 .88 
Food and wa- 3.20 | 1.37 | 4.77 | 1.35 .67 
ter (FW) p 
j s 1.08 | 0.98 | 7.26 1.41 15 
Water (W) | we 
| = .41) 
| 
* Per cell, 5 observations on each of 12 animals; SD’s with 
respect to 12 submeans. 
er is avail- 


Whether or not wat v 
ood deprivation me ohe 
i in the amount eaten at the end o 
gee provided it is available Ti a 
food is given. (c) Efw and Of do no i Sl 
significantly- Rats that have been REF 
only of water eat just as much io w n 
water is given to them as do rats first ae 
of both food and water and then given o0 


without water. 


Wfw and Ofw. 
able during f 
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In Table 2b all differences are significant at 
better than the .01 level except as follows: 
(a) Between Fw and Ffw; water-deprived rats 
drink large quantities of water irrespective 
of the presence of food when water is given 
them. The w/fw ratio deviates from 1.00 in 
the direction expected from the deprivation 
period. (b) Between Ow and FWfw, and Ow 
and FWw. The rat first deprived of both food 
and water, and then given water, drinks no 
more than an effectively satiated animal. 
A strong “hunger drive” seems to suppress 
drinking and might be said to “inhibit 
thirst.” 

The “‘self-imposed” deprivation reveals itself 
in the w/fw and f/fw ratios. The ratio reaches 
its maximum when, for 22 14 hr., the animals 
have been deprived of the substance measured, 
and its minimum when the animals have been 
deprived of the other substance. 

Food and water intakes are thus a function 
not solely of food and water deprivation, 
respectively, but of both these and of the 
substances available at the time of measure- 
ment. Speaking loosely, thirsty rats are 
hungry rats and vice versa, and the simple 
failure of S to take either food or water 
offered alone after the animal has been 
satiated with it, will predict not at all what S 
will do if presented with food and water 
together. 

During the deprivation period, a food- 
deprived animal cuts down fits water intake 
and effectively becomes water-deprived as 
well. Similarly, a water-deprived animal cuts 
down its food intake and becomes food- 
deprived. The present data show that effects of 
these self-imposed deprivations appear when 
measurements are made of food and water 
intake together in the hour following termina- 
tion of deprivation. 2 

We have performed two further experi- 
ments. In the first, we deprived the animals 
of water for 21 14 hr., then for 1 hr. made 
different combinations of food and water 
available to various groups of animals. In the 
hour following this, we measured food intake. 
In the second study, a parallel procedure has 
been followed with food deprivation. 


EXPERIMENT II 


In the second experiment we deprived the animals 
of water for 21 hr., leaving food available (F); then 
allowed free access, either to food and water (fw’), to 
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food only (f'), water only (w’), or nothing (0'), for 
1 hr.; and in the following period of 1 hr. (f) measured 
the amount of food eaten in the absence of water. 
These procedures define a deprivation period, an inges- 
tion period, and a measurement period. 


Method 


The second experiment was run through five days. 
The 12 Ss, the apparatus, and basic method were the 
same as those used in the first experiment. At the time 
this experiment began, Ss ranged from 201 to 204 days 
in age. The daily schedule was as follows: At 2200 all 
animals were given unlimited food but no water (f). 
At 1900 of the following day, 3 randomly assigned 
animals were given food and water (Group fw’), 3 were 
given food but no water (Group f’), 3 were given water 
but no food (Group w’), and 3 were deprived of both 
food and water (Group 0’). All food and water were 
removed at 2000, and at 2010 all animals were given a 
measured amount of food but no water (f). At 2110 
all food was removed; the amount eaten was measured- 
At 2127 all animals were given access to food and 
water with supplementary lettuce. Water was removed 
at 2200, the beginning of the new experimental period. 


Results 


Table 3a presents for the four groups of 
animals the means and standard deviations of 
the quantities of food eaten in the 1-br. 
measurement period. Significance of differences 
was determined by ¢ tests. Since the preceding 
experiment led us to expect particular differ- 
ences, these ¢ tests were one-tailed. The 
amount of food eaten by the first grouP 
(w’) is significantly different, at the .01 level, 
from that eaten by any of the other groups, 
Group fw’ differs, as well, from Group 
at the .02 level. Other differences, although 
not statistically significant, fall in the ap- 
propriate direction and are of the appropriate 
magnitudes. No effects of age, or of the 
sampling procedure, are evident. he 

The eating behavior of these animals is ™ 
remarkable quantitative agreement with the 
behavior under analogous conditions su™- 
marized in Table 2. The data conform wit 
the predictions based on the results of thé 
preceding experiment. 


EXPERIMENT III 


In the third experiment,® we deprived the animals 
of food for 21 hr. (W); then allowed them free acen 
either to food and water (fw’), to food only (f), aes 
only (w’), or to nothing (0’) for 1 hr.; and in 


‘The data of Experiment III were collected B 
Mr. Ogden R. Lindsley in the course of ano’ 
experiment performed with the senior author- 


| 
. 
| 
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following Period of 1 hr. measured the amount of 
water drunk in the absence of food. These procedures 
again define a deprivation period, an ingestion period, 
and a measurement period. 


Method 


" Subjects. The Ss were 48 male albino rats, run in 
irge squads. The first squad contained 16 animals 
of the Hisaw strain, 119 days old at the beginning of 


TABLE 3 
(a) Experiment II 
Food Consumption (gms.) during 1-hour Measurement 
Periods Following Various Combinations of 21-hour 
Water-Deprivation Period (F) and 1-hour 
Ingestion Periods 
(each cell, 5 days’ observation on each of 3 animals) 


GMS. FOOD 


e RIN AVAILABLE IN 1-HR, MEASUREMENT 
TION PERIOD INGESTION PERIOD PERIOD 

i Mean SD 

E water (w’) 6.02 | 0.76 

F food and water (fw) 2.95 | 0.64 

E food (f') | 1.11 | 0.33 

F nothing (0') | 1.61 | 0.97 


(b) Experiment IIT 
Water Consumption (gms.) during 1-hour Measurement 
Periods Following Various Combinations of 21-hour 
Food-Deprivation Period (W) and 1-hour 
Ingestion Periods 
(each cell, 48 animals) 


GMB. GMS. 
prune mhp WATER 
Ma irzasose: |. 172 
pe tne: AVAILABLE IN 1-HR. MENT pE- | MEASURE- 
FRIVATION INGESTION PERIOD pop | M2NT FE- 
ERIOD ist 5 RIOD 
ays) (25 days) 
‘Mean| SD |Mean| SD 
——- — —— — 
Ww water (ww’) 1.2/0.7) 1.4/1.5 
W food and water (fw’) | 3.2/1.0) 3.8/2.0 
Ww food (£’) 10.5/1.9}10.6 2.6 
Ww nothing (0') 1.3/0.8) 1.4/1.4 


ae experiment. The second and third squads were 
poy of the Wistar strain, aged 98 and 127 days, 
spectively, at the beginning of the measurements. 

fe Experimental room and apparatus. Throughout the 
r Periment the rats were housed in a small internal 
oom with one door and no windows. Two fluorescent 


» Ceiling fixtures came on at 0530 daily and turned off at 


1730. A coil-type heater fan, blowing over an open 
Vessel of water, was turned on by a thermostat. Tem- 
Peratures measured at the beginning of the daily 
experimental sessions averaged 71.7° F, + 3.0°, and 
the relative humidity averaged 67.6 per cent, Æ 5.0 
Per cent. The cages, food, water graduates, and tubes 
Were the same as those used in Experiment I. 


Measurements. Drinking was meas’ vi 

apparatus and methods PÀ in e A 

aie reading accuracy was to the 

ME e EE 
d i ilized on the temperature 

and light-dark cycle with free access to food and 

water. For the next 15 days the rats had free access to 

water, but access to food for only 1 hr. per day. 

Daily schedules. The experiment proper ran for 
25 days. Each day included the following operations: 
At 0530 the lights went on. At 1300 temperature and 
humidity were measured and the rats weighed. Water 
was next removed from pairs of cages at 6-min. inter- 
vals, and the experimental diet of the 1-hr. ingestion 
period was correspondingly given to the animals 
according to their group memberships. General pro- 
cedures otherwise conformed with those followed in the 
preceding experiment. The staggering was necessary 
because these measurements were made in the course 
of another experiment. 

Summarizing, each animal was submitted to a 
deprivation period, 20 hr. and 50 min. in length, with 
access to water but no food (W). During the next 
hour, the ingestion period, the experimental groups 
received differential treatment. Following this, after a 
short delay, came a 1-hr. measurement period, when 
water alone was available. At the end of this time, 
each animal was given access to food for 1 hr., in 
addition to the water, and the experimental day 
was over. 

Groups. Four of the 16 animals of each squad were 
randomly assigned to one or another of four groups, 
which differed in the diet given during the ingestion 
period. Group fw’ received food and water, Group f’ 
food without water, Group w’ only water, and Group 0’ 


received nothing. ; 
The experiment was run through the period No- 


vember, 1951 to April, 1952. 


Results 

No significant differences appeared in the 
drinking of rats of the Hisaw and of the 
Wistar strains. The data of all the animals 
under each treatment were therefore lumped 
and treated together. . 

Table 4 presents the data obtained during 
the first 5 days and through the whole 25 days 
of the experiment. One-tailed ¢ tests of sig- 
nificance were made. Over the first five days, 
Group f differed significantly, at better than 
the .001 level, from Group fw’. Group fw’ 
differed at the .06 level from Group 0’, 
Over the full 25 days, all three groups 
differed from one another at better than the 
001 level. Through neither period did Groups 
0’ and w’ differ significantly from one another. 

The results are in substantial quantitative 
agreement with those reported in Table 2, 
Group f’ is effectively rendered thirsty (as 
evidenced by drinking behavior) by the 
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termination of the 22-hr. period of food 
deprivation. 


DISCUSSION 


The results of all three experiments are in 
good agreement. Food and water intake of the 
white rat are interdependent to a high degree. 
Experimental deprivation of one is associated 
with a large drop in the intake of the other 
that may be considered a “self-imposed” 
deprivation. At the termination of an experi- 
mental deprivation period, the rat’s tendencies 
to eat are almost independent of whether it 
was deprived of food or of water. 

These results confirm and extend findings 
already available in the literature we have 
cited. More important, they clarify the 
quantitative relationships involved. 

There is reason to expect that noningestive 
habits acquired under food and water depriva- 
tion will behave much as do eating and 
drinking (7, 18, 19). More pertinently, Kendler 
(10) has observed a depression of food- 
conditioned responses when the animal is 
deprived of water as well as of food for 
22 14 hr., and he has found, too, that food- 
and water-deprived animals learn a simple 
T maze more slowly than animals that have 
been deprived of food alone. Webb (22) has 
also presented data showing that water 
deprivation controls habits that have been 
rewarded by food. 

On the other hand, Miller, Bailey, and 
Stevenson (12) found that animals that have 
been subjected to operative techniques in- 
volving the hypothalamus may show a con- 
siderable dissociation between amounts of 
food eaten and the strength of behavior 
acquired under food deprivation with re- 
inforcement by food. 

The large size of the interaction effects we 
have found and the lack of strict reciprocity 
between food and water intakes after long 
periods of deprivation suggest reasons for the 
anomalous results in experiments on “latent 
learning” (6). The logical controversy over the 
behavior of “thirsty” and “hungry” animals 
loses much of its force when the assumptions 
that have been made, implicitly or explicitly, 
about the behavior of “hungry” rats toward 
water and of “thirsty” rats toward food prove 
unjustified. That “low motivation” may be a 


condition necessary for the exhibition of 
certain classes of behavior may follow from 
our results on simple eating and drinking. _ 

Simple formulations of “drive” and “drive 
summation” such as those that have been 
made on the basis of Hull’s 1943 theoretical 
treatment (9) seem to require revision. 
Perhaps new classes of “drives’—‘latent 
drives” or “concomitant drives”—need to be 
introduced. Perhaps it will be more fruitful 
if these endeavors are held in abeyance until 
further experimentation clarifies the phenom- 
ena associated with deprivation. 

Several physiological mechanisms may aC 
count for these results. Perhaps a thirsty 
rat cannot very efficiently eat dry food such 
as we used. Probably more important 15 the 
role of water in the digestive and metabolic 
processes (3). It is not clear, however, that the 
physiologists are yet in a position to give 
us a reasonably coherent description of the 
processes involved. 

Further experimentation will probably have 
two merits: it should enable us to specify the 
conditions of deprivation and reinforcement 
associated with efficient learning, and it shoul 
provide the data which seem to us indis- 
pensible for further production of theories ° 
drive or of latent learning. 


SUMMARY AND CONCLUSIONS 
the 


Three experiments were performed on ibe 


effects of food and water deprivation oD 
albino rat’s ingestion of food and water. “° 
the first, the Ss were placed on various sche 
ules that deprived them of food, or of we 
or of both food and water, or of neither, a 
22 hr. After a further 14 hr. of deprivation $ 
both, they were given food, or water, OT pp c i 
Through all periods the amounts of €% er 
substance ingested were measured. Two fe 
experiments tested hypotheses derived ae 
the results of the first. In one, animals ol 
deprived of water for 22 hr., and then oor 
groups were given 1 hr. of food, or W4 ane 
neither food nor water, or both. In the follo 
ing hour, they were again given food, aP the 
quantity eaten in 1 hr, was measured. 4? als 
other, a parallel design deprived the cat s 
of food for 22 hr., then each of four 81° for 
received food, water, neither, oF poth at 
1 hr. They were then given access t0 © 
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for 1 hr., and the amount drunk was measured. 
From the results of these experiments, the 
following conclusions are drawn: 

1. The amount of food eaten by water- 
deprived rats is some 60 per cent of the amount 
eaten by those which are zot water-deprived. 

2. The amount of water drunk by food- 
deprived rats is some 40 per cent of the 
amount drunk by those which are not food- 
deprived. 

k a Tf a 21-hr. period of water deprivation is 
Ka minated, the amount of food eaten rises 
oÈ Some 6 gm., which approaches the amount 
t food eaten after a like period of food dep- 
tivation. 
a Tf a 21-hr. period of food deprivation is 
3 uated, the amount of water drunk rises 
of Some 79 cc., which approaches the amount 
Water drunk after a like period of water 
€privation, 
hee These increases in water and food intake 
the of the same order of magnitude, whether 
ee Measurement is made at the time the 
tengal deprivation periods are „being 
chm opted by eating or drinking, or in the 
Pts a such termination. 
thle questions are raised by these 
and for Pg current treatments of “drive” 
A interpretation, in terms of so- 
irrelevant drive” and “high” and 
motivation, of the results of latent- 
= a amis a involving the behavior of 
Water-deprived rats. 
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CHOICE-POINT BEHAVIOR AS A FUNCTION OF SECONDARY 
REINFORCEMENT WITH RELEVANT DRIVES SATIATED! 


JOHN P. SEWARD 
University of California, Los Angeles 


In the development of learning theory 
secondary reinforcement plays an increasingly 
important part. : 
therefore, to reach a thorough understanding 
of its conditions. A question of special interest 
concerns its relation to the drives Present 
in the organism. Will a secondary reinforcer 
function in the absence of the relevant drive, 
ie. the drive under which it acquired its 
power? Estes (4) showed that secondary 
reinforcement acquired under thirst was effec- 
tive when the animals were satiated for water 
but hungry. Since hunger is closely related to 
thirst, however, its irrelevance is uncertain. 
MacCorquodale and Meehl (8) showed that 
food and water influence choices in a T maze 
by satiated rats, while Myers (11) gave 

convincing evidence of learning under similar 
conditions. An interpretation in terms of 
secondary reinforcement implies that other 
objects besides food or water may become 
incentives for learning. The aim of the present 
experiment was to see if a previously neutral 
stimulus, after being associated with drive 
reduction, would reinforce a response in the 
absence of any relevant drive. Results should 


be significant for theories of how motives are 
acquired. 


METHOD 


Essentially the method was as follows: We first 
tried to induce a differential reaction to two cages by 
giving deprived rats food and water in one cage but 
not in the other. They were then satiated and put in a 
T with the two cages as end boxes, to see if they would 
learn to go to the positive cage even when no longer 
deprived. It is instructive to compare this technique 
with the similar one used by Saltzman (12) to demon- 
strate maze learning by secondary reinforcement. 
He, too, gave some of his rats preliminary training 
to two boxes with distinctive cues, feeding them in 
one but not in the other, and then tested them in a 
T with the two empty boxes as incentives. His pro- 
cedure differed from ours, however, in that his rats were 


hungry when they ran the T while ours were satiated. 


* Aided by a grant from the Com 


Aide mittee on Research 
University of California. 4 


AND 


It becomes imperative, 


NISSIM LEVY 


University of Missouri 


Published work (3, 9) together with our own prelimi- 
nary attempts indicated that the effect we sought was 
a weak and elusive one. A highly sensitive test was Te- 
quired. We therefore adopted a method employed by 
Grice (5), Kendler and Mencher (7), and MacCorquo- 
dale and Meehl (8) in their studies of latent learning. 
This consisted of using two groups of Ss, but instead of 
treating one as experimental and the other as control, 
pitting them against each other. Both groups were 
exposed to the experimental factor but in such a way 
that it would affect their test performance in opposite 
directions. Specifically, Ss were first matched by pairs 
according to strength of position preference in the T. 
One of each pair was then fed or watered in the pre- 
ferred end box, the other in the nonpreferred. When 
later tested in the T, any consistent difference between 
the two groups in strength of original preference 
could be attributed to the interpolated training. This 
factor would have acted to increase the number © 
preferred-side choices in the first group and to decrease 
it in the second. l 

The method described below was developed in the 
course of a series of pilot studies. It was then used Fas 
two experiments which are here reported separately, 
with the differences noted. 


Experimeni I 


The apparatus consisted of an enclosed runway 
4 ft. long, a T maze, and two cages. One cage Map 
cylindrical with metal wall and wire floor; the oiie 
was square with walls and floor of wood. Both ea 
unpainted. Figure 1 shows the maze with cages B 
position. Two black partitions concealed the esa 
from the choice point. Transparent guillotine apaa 
at the choice point prevented retracing. To differenti 
the two paths, they were floored with strips of linoleum, 
the left half painted black and the right half gray 
To prevent tracking, a fresh strip was laid after ea 
trial. sabut 
Thirst was manipulated as the primary drive, a 
for incentive we used a cup of water and a cup a a 
mash. Total deprivation was avoided because yee 
long period it proved debilitating. Wet mash hoes 
introduced because a water-deprived rat is likely oe 
eat less food than normally, and we wished to Lore 
lure as compelling as possible. Eating in the end 
Was not uncommon. s: 
The procedure consisted of the following four stepa 
Adaptation. Under 22-hr. thirst Ss were ana 
10 min. to explore the runway with water and y 


ey 
mash at one end. After two or three days of Ha 
were given two individual trials a day for D were 


when all ran and drank readily. Food and wate! . 
then supplied ad libitum, and small groups were 
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sore T with all doors open 30 min. a day for 
Position preference tests. On the same ad libitum 
schedule Ss were put in the T and given three choices a 
day, spaced about an hour apart, for three days. 
These nine trials were used to match Ss in pairs for 
strength and direction of position preference. One of 
each pair was assigned at, random to group P, the 
other to group N. f 


94 —, 


— 


& Exo. 1. Floor plan of T maze. P: partitions con- 
ating end boxes from choice point. 


was tining. Differential training to the two cages 
in patel out under 22-hr. thirst in two parts, first 
d e runway, then in the T. Runway training consisted 
cone trials a day for six days with the metal and 
Ra ae cages alternating as end box on every trial. 
a Ch member of group P found water and mash in the 
fcc that had been on the preferred side of the T; 
theg € other cage were two empty cups. For group N 
A t conditions were reversed; water and food were 
Thirt, Nonpreferred cage, empty cups in the preferred. 
a Yy seconds were allowed after entering either 
ad box, 
ae were timed from raising the starting door 
ay entered the cage. By the end of training there 
Meee evidence of differential response in the 
ine nce of the two cages. On days 4 to 6, median 
with 6 the reward cage averaged 3.1 sec. compared 
2 sec, to the empty one. 
Stro raining in the T was designed to ensure that a 
3 SE set toward the positive cage would be conditioned 
resp aze cues without differential strengthening of the 
Ponse to be tested under satiation. For this purpose 


the maze was somewhat altered. No linoleum was 
used; the partitions were set back; elbows were removed 
from the paths; and, in place of elbows, end boxes 
were put in facing the choice point, from which they 
could be seen about 10 in. away. One cage contained 
water and food, the other empty cups, as before. 
Each S had two spaced trials a day by a correction 
method. If S made an error, it was confined for 
30 sec., then given another free choice, and so on 
until it chose correctly. If S was right the first time, it 
was allowed 30 sec. to eat or drink, followed at once 
by a forced run to the opposite side. The second trial 
came about 90 min. later with the positions of the 
cages reversed, Order of position of the correct end box 
was reversed from day to day, R-L, L-R, R-L, and 
so on. Training continued in this way for nine days, 
when 75 per cent of the daily trials were correct and 
over half the Ss were responding without error on 
both trials. 

Satiated tests. The T was now restored to its original 

form, with linoleum and partitions in place and with 
cages concealed in their former positions. To make 
conditions as favorable as possible in this first experi- 
ment, the incentives were left in the positive end box 
and both cups removed from the negative one. Three 
trials about an hour apart were given every other day 
for a total of seven test days. Satiation was accom- 
plished by supplying the living quarters with bottles 
and pellets at the close of trials the day before; 5 hr. 
before the next trials all food and water were removed 
for 414 hr.; they were then returned along with cups of 
water and mash until trials were over. No eating or 
drinking was observed in the apparatus on satiated 
tests. 
On a test trial the choice-point door on the side 
chosen was lowered to prevent retracing. Thirty 
seconds were permitted after entering the end box; S 
was then returned to the living cage. (The presence of 
other animals in the living cage could not provide 
differential reinforcement, nor did it involve a relevant 
drive.) If S refused to run for 180 sec., it was gently 
urged except at the choice point; in this case it was 
removed and retested later. This happened rarely. 

As a precaution against extinction of any acquired 
preference, on alternate days Ss were again deprived 
of water for 22 hr. and given runway training just as in 
the training trials (12). 

Out of 23 mature al 
the matching procedure 
the position preference tests; 
experiment. 


bino males, 20 were selected by 
described in connection with 
these completed the 


Experiment IT 

The procedure of Experiment I was followed 
except for the changes noted: (a) The Ss were 24 
hooded rats, 12 male and 12 female, about 80 days 
old; they were matched for sex as well as for position 
preference. ) The discrimination training in the 
altered T was limited to four days. In that time the 
hooded rats, probably because of better vision, reached 
the same level of performance the albinos had taken 
nine days to achieve. (c) Satiation tests were extended 
from seven to nine days. Actually 12 tests were run 
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beyond the 9 reported here, to test the effect of inter- 
polated extinction trials in the runway on secondary 
reinforcement in the T. Results are omitted for lack 
of space but will be referred to in the discussion. (d) 
During satiated tests in Experiment I the incentives 
were present in one cage. In view of the results of 
MacCorquodale and Meehl (8) and Myers (11) already 
cited, it was important to know whether our finding 
was due to the same factor or to the cages themselves. 
We therefore divided the 12 pairs of rats at random 


PER CENT CHOICES PREFERRED SIDE 


DAYS 
Fic. 2. Percentage of choices of originally preferred 
side on satiated tests (Experiment I) 


TABLE I 


Means and Percentages of Preferred-Side Choices 
Based on Total Satiated Trials 


| 
EXP, GROUP N TRIALS MEAN Pe 
1 p 10 21 13.0 | 61.9 
N 10 21 8.7 41.4 
2 P 12 27 16.2 60.2 
N 12 27 11.0 40.7 
into two equal groups, one of which found water and 
food in both end 


boxes while the other found empty 
cups in both. The only restriction was to divide 
males and females equally between the two groups. 
It is important to note that any differential °effect 
of the incentives was eliminated for all 12 pairs. Our 
reason for dividing them was to counterbalance a 
Possible “novelty” effect. 


RESULTS 
Experiment I 


As explained above, if interpolated reward 
learning affected satiated performance, the 
effect would show up as a difference between 
the groups on retest of their original preference. 
Figure 2 shows the percentage of choices 
of the originally preferred side. A clear separa- 
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tion appears between the curves of groups 
P and N. Some questions are raised, however, 
which we cannot answer. We should expect 
both groups to start above 50 per cent and 
diverge, with group P going up and group N 
going down. Actually they start below the 
mid-line, and the divergence is almost entirely 
due to group P. 

Over-all numerical data are included in the 
upper half of Table 1. Analysis of variance 
of the data classified by treatment, paired Ss, 
and order of tests yielded one significant 


x 
o 


a 
[a 


GROUP P 
"N 


ae ee 


a 
ò 


GROUP N 


PER CENT CHOICES PREFERRED SIDE 
8 S 


DAYS 
Fic. 3. Percentage of choices of originally pre 
ferred side on satiated tests (Experiment II) 


interaction, viz., between treatment and 
pairs of Ss. Testing the variance betwee? 
groups P and N against this interaction en 
an F of 12.01, which for 1 and 9 df is significan 
at the .01 level. Interaction between treatment 
and order of tests, indicating divergence of the 
groups, was not significant. 


Experiment IT 


Percentages of preferred-side choices in i 
nine satiation tests are plotted in Figure 
Again the two curves are distinctly separatec- 
This time, however, they stand apart from f a 
beginning, and neither one shows any #P 
preciable slope. 27 

Table 1 summarizes the results for the t 
trials together with the corresponding 44 a 
from Experiment I. The agreement herrer 
the percentages from the two experiments g 
quite striking. It suggests that equalize 
the presence or absence of food and wt o 
in the end boxes on satiation tests made on 
difference in the results. Incidentally, the” 
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‘i , 
Lye pore between the pairs that 
te E me in both end boxes and 
aane a none in either. Analysis of 
Seto un ot these indications. There 
oe we E interactions; the relevant 
Eee h herefore pooled to give an error 

e. For the variance between groups P 


and N, F = 7 ae 
001 level, 76.58, significant far beyond the 


DISCUSSION 


TI i ; 
mee n it issue in this experiment was 
es ater he reinforcement could be 
ay Ge th in the absence of relevant 
dedi o7 ra e results justify an affirmative 
PE accent answer depends on what datum 
rerea a measure of secondary re- 
Ligier armies datum in this case is 
groups wate the experimental design. Two 
erence, th e first equated for position pref- 
teinforein €n so trained as to give secondary 
ollows Rl a to opposite end boxes. It 
effect is the es most powerful test of this 
eee ifference between the groups in 
matched vi on which they were originally 
side origin a the proportion of choices of the 
highly a ally preferred. Since this statistic is 
since ta, E in both experiments, and 
ike, a WO groups were otherwise treated 
It te ee conclusion seems justified. 
ee at Loi ig however, that a better 
amount be ary reinforcement would be 
apart on : Y which the two groups drew 
argument ry tests. The ground for this 
orcement p differential secondary re- 
produce differ, the two end boxes should 
p ential, ea increments of reaction 
? me a to a progressive increase of 
i AS alread s. In short, the Ss should 
b ults fall y stated, by this criterion our 
te Short of signifi M zi 
trial, lown of choice 5 cance. Moreover, a 
tr DS Repent s for the first three test 
nd, ment II shows no appreciable 


Con. are 
to Dletely Tr” to dispose of this argument 
Doge DB Poir defense of our position the 
h ability e are to be noted: (a) There is a 
30.9 that bef latent learning. It should be 
e n. Perio ies the tests all Ss had had three 
Prog trials, Th, in the maze plus nine prefer- 
Weed Jat at this experience should have 
€nt learning measurable under 


these conditions is made unlikely by the 
negative Tesults of Denny and Davis (2), to 
say nothing of our interpolated training with 
reversal of end box positions. On the oth 
hand, this training took place on an altered 
maze; moreover, our maze paths were made 
more discriminable than those of Denny and 
Davis by the use of black and gray strips 
(b) MacCorquodale and Meehl found the 
same thing in their similar study. Incidentally 
their alleys were also black and gray. A dear 
separation between their curves appeared 
within the two trials of the first test day. 
That two studies using different methods of 
matching Ss should both find such early 
discrimination suggests that it is not an 
artifact. (c) In an unreported extension of 
Experiment II, as noted above, food and 
water were removed from the positive end box 
on interpolated training trials for half the 
pairs of Ss at a time. Parallel with these 
extinction trials the satiated test choices of 
groups P and N came together, abruptly 
in the first half tested, more gradually in the 
second. This finding strongly suggests the 
extinction of secondary reinforcement. 

As the term is here used, secondary reinforce- 
ment does not necessarily imply the strength- 
ening of S-R connections. In Hull’s terminology 
it may affect sEr directly rather than by way 
of sHr. Two possible “explanations” of the 
obtained results are suggested. The first is 
modeled on Spence’s (14) account of the role 
of fractional anticipatory goal reactions in 
selective learning. It runs as follows: (a) 
During training & differential reaction to the 
positive end box (r,) was conditioned to 
runway cues. (b) By stimulus generalization 
(augmented by nonspatial discrimination train- 
ing in the maze) % Was aroused at the start 
and choice point of the T. (6), In preliminary 
exploration and tests for position preference 
r, had already been conditioned, by unspecified 
reinforcement, to cues on one side of the 
choice point, say the right; jig interacep evs 
cue (sy) Was thus conditioned to a right turn, 
Similarly and to the same extent a response 
to the negative end box was conditioned on 
the other side. (d) On satiated test trials the 
s, from step (b) summated with the so of step 
(c) to produce a greater stimulus-intensity 


dynamism (V), and thus @ greater sEn, toa 
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right turn than a left. The obtained results 
follow. 

A second interpretation is based on the 
assumption that secondary reinforcement, 
like primary, involves drive reduction. This 
hypothesis implies acquired drive. Since on 
test trials relevant primary drives were 
satiated and irrelevant ones could not be 
reduced by the reinforcer, it follows that a 
new drive must have been acquired in training. 
The nature of such a motive cannot be specified 
at present. Three suggestions are available: 
drive externalization (1), drive fear (10), and 
tertiary drive (13). 

A decision between these views awaits 
further research. That they may turn out to be 
closely related is foreshadowed by the following 
quotation from Hull: “... the understanding 
of the subject of secondary motivation is 
rather obscured by the fact that its relationship 
to incentive motivation ...and to the asso- 
ciated mechanism of anticipatory goal re- 
actions in terms of stimulus-intensity dyna- 
mism...has not yet been clarified” (6, p. 24). 


SUMMARY 


A method was developed to test the hypo- 
thesis that a secondary reinforcer would 
strengthen a response in the absence of 
relevant drives. The method consisted of three 
main steps: (a) Rats were tested for position 
preference in a T with distinctive end boxes 
and divided into two groups matched on that 
basis. (6) Thirsty, they were trained to find 
reward in one end box but not in the other. 
This training was given partly in a runway, 
partly in the T with positions reversed from 
trial to trial. One group (P) was rewarded 
in the preferred box, the other in the non- 
preferred. (c) They were given a series of 
satiated tests in the T alternating with further 
runway training. 

Results in two experiments were as follows: 

1. In terms of choices of the originally 
preferred side on satiated tests, a highly 
significant difference appeared in favor of 
group P. 


2. This difference occurred whether or not 
the presence of incentives in the end boxes 
was equalized on test trials. 

3. There was no reliable evidence that the 
difference increased on successive tests. _ 

Possible interpretations of these findings 
were discussed. 
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SUBCORTICAL MECHANISMS IN EMOTIONAL BEHAVIOR: AFFECTIVE 
CHANGES FOLLOWING SEPTAL FOREBRAIN LESIONS IN THE 
ALBINO RAT 
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During the past two decades numerous in- 
vestigators have been concerned with the role 
X subcortical mechanisms in emotional be- 
a Durable changes in affective behavior 
a been described for animal preparations 
With transection of the brain stem at the 
Intercollicular level (Sherringtonian decerebra- 
tion), neocortical ablation, lesions of the 
hypothalamus, lesions of the amygdaloid com- 
plex, and lesions in various parts of the thala- 
foe (4, 11). Surprisingly little attention has 
Deen paid, however, to the behavioral effects 
of lesions in the septum. 

The septal region of the forebrain presents 
a complicated anatomical picture. As shown by 
Figure 1, its caudal border is formed by the 
Massive fornix column, which contains a large 
proportion of the fibers originating in the 
Pa ro campus, and continues behind the an- 
nea commissure to the mammillary body. 
og fibers of hippocampal origin cut through 
a substance of the septum, subsequently 
te a down in front of the anterior commissure 

istribute, among others, to more anterior 
‘Ses oi the hypothalamus (“precommissural 
th D ). In addition to such fibers of passage, 
cell septal region contains numerous nerve 
ke grouped into several nuclei. Most of the 
de al cell groups receive massive efferent 
eee from the hippocampus, while other 
Oi . appear to reach the septal region from 
Š hypothalamus. The region has extensive 
erent connections with the thalamus and 
gPothalamus. A large number of such fibers 
la the region with the fornix column and 
of Hi eae among others, to the anterior nuclei 
ot e thalamus and to the habenula. An- 
nae contingent of septal efferents joms the 
a misura] fornix and ends largely in 
Preoptic area and in the hypothalamus. 

y virtue of its paramedian position, the 


i. The authors wish to thank Mr. Irving Geller and 
Expe William C, Stebbins for their help in part of this 
riment, i 


septal region can be destroyed experimentally 
with only minor involvement of other brain 
structures. Such experimental lesions must 
result in interference with most of the hip- 
pocampal discharge, and hence with an 
important contingent of paleocortical activity. 
Results of lesions in the septal region have been 
reported by Spiegel, Miller, and Oppenheimer 
(6) for the cat, and by Krieg (3) for the rat. 
In both animal species, behavioral changes in 
the direction of an increased tendency to rage 
reactions were observed. The present report 
describes a series of experiments aimed at a 
more systematic analysis of the behavioral 
changes exhibited by albino rats with surgical 
lesions in the septal forebrain region. Specifi- 
cally, the effects of septal lesions upon the 
and retention of a conditioned emo- 
tional response, upon the magnitude of the 
startle response, and upon general emotional 
reactivity in albino rats have been investigated. 


acquisition 


METHOD 


General Procedure 
Thirty male albino rats, approximately 100 days of 
age at the start of the experiments, served as Ss. The 
animals were divided into an unoperated control group 
(6 Ss) and two operated groups, one with lesions in the 
septal forebrain region (“septal animals,” 18 Ss) and 
one with lesions in the cingulate cortex (“cingulate 
animals,” 6 Ss). In 27 animals, a conditioned emotional 
response of the “fear” or “anxiety” type was estab- 
lished prior to operation, and retention tests were con- 
ducted postoperatively. The remaining 3 animals were 
operated prior to conditioning in order to evaluate the 
effects of the lesions upon acquisition of the emotional 
response. In addition, ratings of emotional reactivity 
and measurements of startle response magnitude were 
made in all 30 animals both pre- and postoperatively. 
Upon completion of the experiments, the animals were 
sacrificed, their brains fixed, sectioned, and stained in 
order to verify histologically the location of the lesions. 
Emotional Conditioning 
emotional response was established 
a procedure previously de- 
(8). All conditioning trials 


The conditioned 
in all animals according to 
scribed by Brady and Hunt 
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took place in the “grill box,” a cubical chamber with a 
grill floor, one transparent wall to permit observation, 
and an earphone attached to one wall for transmission 
of a clicking noise. All animals received a series of six 
conditioning trials distributed throughout a ten-day 
period so that no more than one trial was given on any 
one day. Each trial consisted of a 3-min. presentation 
of a clicking noise, the conditioned stimulus, terminated 
contiguously by two momentary painful electric shocks 
to the feet, the unconditioned stimulus, delivered 
through the grill floor of the apparatus. In this situa- 
tion, the emotional response develops after a few trials 
as complete immobility and crouching (“freezing”), 
usually accompanied by defecation, upon presentation 
of the conditioned clicker stimulus. 


Rating Scale 


In an attempt to evaluate gross changes in emotional 
reactivity associated with septal injury, a rating-scale 
technique was employed. Ratings were made of all 
animals for the following seven behavior components: 
(a) resistance to capture in the home cage, (b) resistance 
to handling, (c) muscular tension reaction to capture 
and handling, (d) squealing and vocalization reaction 
to capture and handling, (e) urination and/or defeca- 
tion reaction to capture and handling, (f) aggressive 
reaction to presentation of forceps in close proximity to 
the snout, (g) aggressive reaction to prodding with 
forceps. Previous investigations by Stone (8) and Tryon 
et al. (9) have demonstrated the efficacy of similar 
rating-scale techniques in the study of emotional be- 
havior in the rat, and development of the present 
scale followed a procedure outlined by Tryon et al. (9). 

A four-point rating scale was used for each of the 
seven behavior components. The zero point was fixed 
by the behavior of tame albino rats such as those con- 
ventionally employed in laboratory experiments. The 
ratings were performed by three independent judges 
in the relatively standard situation of removing the 
animal from its home cage and placing it in the emo- 
tional conditioning apparatus, Measures of correlation 
between the judgments of the three raters yielded co- 
efficients of better than .90 for this scale. Ratings of all 
animals were made on three occasions preoperatively 
(30, 15, and 1 day before operation) and for 12 consecu- 
tive days postoperatively, starting on the first post- 
operative day. 


Starile Response Measurement 


An additional aspect of behavior selected fof meas- 
urement in the present study was the startle reaction 
of rats to an explosive auditory stimulus. The method 
involved the use of a stabilimeter-like apparatus, pre- 
viously described by Brown, Kalish, and Farber (9), 
capable of recording the magnitude of a rat’s jump to 
a loud sound. The rat was confined in a small box 
(2.37 in. wide, 7.37 in. long, 5.5 in. high) surmounted 
upon the platform of a 5-lb. postage scale. Vertical 
movements of the platform were transmitted by means 
of a thread to an ink-writing muscle lever whose de- 
flections were recorded on a 5-in. tape moving at a 
rate of .53 in. per second. The startle stimulus was 
produced by a 22-cal. blank pistol fired about 2 ft. 


JOSEPH V. BRADY AND WALLE J. H. NAUTA 


from the confinement box. The exact time at which 
the startle stimulus occurred was registered on the tape 
by an electromagnetic signal marker. f 

Twenty-four hours prior to operation all animals 
were given a series of five presentations of the startle 
stimulus, and the heights of all jumps to these stimuli 
were recorded. Successive trials were administered at 
intervals ranging from 1 to 2 min., the average interval 
being about 90 sec. Again, on the day following opera- 
tion, all animals received a series of five presentations 
of the startle stimulus according to precisely the same 
procedure employed preoperatively. 


CORP, CALL. 


FORN.COL. ANT, COM. 


ANT. COM. 


Fic. 1. Semidiagrammatic representation of the rat 
forebrain. Upper figure: medial aspect with septa 
region stippled. Lower figures: two frontal sections a 
levels indicated by broken lines through stippled are 
of upper figure. ANT. COM., anterior commissure; 
CORP. CALL., corpus callosum; CORT. CING- 
cingulate cortex; FORN. COL., fornix columns: 
N. CAUD., caudate nucleus; THAL., thalamus. 


Operative Procedure 


mals 


All operations were performed with the ani the 


under ether anesthesia. After incision of the seny n 
periosteum of the cranial vault was pushed aside, * 
a small burr hole was produced in the midline, fs 
5 mm. behind the frontal pole of the cerebral heri 
sphere. Through this opening, a slender cutting instr 
ment, essentially a needle with the tip bent at & oa 
angle and sharpened sideways, was sunk betwee? a 
hemispheres to a measured depth, whereupon : “on 
rotated several times in order to ensure the product of 
of a bilateral paramedian lesion. Upon completion i 
this Procedure, the periosteum was stitched ove ge 
trephine hole, and the skin was closed. No ban = 
was applied. In most cases, the effect of the anesthe - 
completely disappeared within the first two pe 
operative hours. ec~ 
_ Figure 1 shows a midsagittal and two frontal Sas, 
tions through the areas involved in the operat? 
On the midsagittal plane, the septum is represented P 
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Fic. 2, Medial and frontal reconstructions of septal lesions in experimental 


Group A. Black indicates location 


and extent of the lesions in the reconstructions. See Figure 1 for orientation. 


$ Fic. 3. Medial and frontal reconstructions of septa! 
nd extent of the lesions in the reconstruc 


the stippled area (the anterior and basal boundaries 
eing somewhat arbitrary), and the two broken lines 
through this area indicate the level of the two frontal 
Sections depicted below. It is evident from this figure 
that the instrument used in the surgical procedure, on 
its way toward the septal region, passed between the 
Opposing surfaces of left and right cerebral hemisphere. 
many cases, this area of the cortex (cingulate cortex) 


1 lesions in experimental Group B. Black indicates location 


tions. See Figure 1 for orientation. 


sustained more or less extensive damage, while in most 
cases the corpus callosum was penetrated by the in- 
strument immediately prior to its entrance into the 
septal region. The six operated control animals in 
which lesions were produced only in the cingulate 
cortex and corpus callosum provided a necessary control 
for such damage as well as for the effects which might 
be attributable to any operation per se. 
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Fic. 4. Medial and frontal reconstruct 
and extent of the lesions in the reconstru 


Fic. 5, Medial and frontal reconstructions of cor 


Histological Procedure 


Histological verification of the lesions was obtained 
for all 24 operated animals. The brains were fixed in 
10 per cent formalin for one to four weeks following 
removal and were subsequently embedded in paraffin. 
Serial sections were cut at 20 p, and, of each brain, 
two alternating series were prepared, one of which 
was stained for cells with thionin, and the other with 


z y z s- oii jon 
ions of septal lesions in experimental Group C. Black indicates locatio. 
ctions. See Figure 1 for orientation. 


3 5 2 tion 
d fror n tical lesions in operated control group. Black indicates loca 
and extent of the lesions in the reconstructions. See Figure 1 for ori 


entation. 


sec 
a modified Weil stain for myelinated fibers- ectio® 


tion drawings were then made of every fft H 
of the Weil-stained series. The lesion was © rics: 
after observations in both the Weil and thionin wing? 


Figures 2, 3, 4, and 5 show two of these dro igtion 
at the indicated levels together with a reconsit™ the 
of the lesion on the midsagittal plane for eac eas’ 
24 operated animals, Figure 1 is intended to sergio” ' 
key to the interpretation of these plates. Histo 


a ee 
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analysis of the brains of two of the six nonoperated 
— animals was also accomplished and, as would 
expected, no lesions were found. 


RESULTS 
General Observations 


Gross and dramatic changes in behavior ap- 
peared in the septal animals within 2 hr. after 
Operation. Such animals presented a picture of 
striking alertness with limbs rigidly extended 
and eyes intently following the movements of 
the observer approaching the cage. The sudden 
Presentation of almost any auditory stimulus 
Produced an explosive startle reaction. The 
typical exploratory response of the normal rat 
to presentation of such an innocuous object as 
a pencil was replaced by “freezing” behavior 
With the vibrissae turned stiffly forward. 
Rapidly approaching objects were attacked 
Immediately with vigorous biting, while a 
Magnet-like reaction was exhibited when the 
Object was moved slowly before the snout. 

ttempts to capture or handle the animal were 
responded to by fierce attacks on E alternating 
With vigorous flight reactions. In certain in- 
ences merely opening the cage would provoke 

€ animal sufficiently to have it leap from the 
ae and hop about the room in an odd, rabbit- 
ss € fashion. When placed in a group Cage, five 
Ün six such septal animals would fight con- 
of aly and vigorously for extended periods 
des Ime with loud and frequent vocalizations 
Nor Panying much of the above behavior. 
eithe of these phenomena was observed in 
s the operated or nonoperated control 
expe als at any time during the course of the 
Dre ments. A motion-picture record was 
i fee in conjunction with these experiments 
Uustrate the character of these changes 
Owing septal lesions in the rat? 


Ch : 
‘anges in the Conditioned Emotional Response 


By the sixth conditioning trial all animals 
oie oe the conditioned emotional, re- 
immobi All 30 animals crouched and remained 
Of th ile throughout the 3-min. presentation 
Bate oe and 28 of the 30 animals defe- 
No si in response to the conditioned stimulus. 
app Ignificant differences in rate of acquisition 

sabe however, between the group of 

itio nals (rats 2, 14, 25) operated prior to con- 
ning and the remaining 27 animals. 


2 
A i + . . 
“Ychologteat of this film is presently in press 1D the 


cal Abstracts. 


On the day following the sixth conditioning 
trial, septal lesions were produced in 15 more 
animals (rats 8, 9, 13, 42, 74, 11, 16, 23, 46, 
41, 43, 44, 45, 49, 75), lesions of the cingulate 
cortex were produced in another 6 animals 
(rats 47, 48, 70, 71, 72, 73), and the remaining 
6 animals served as nonoperated controls. 
Histological reconstruction of the lesions in the 
two operated groups is shown in Figures 2, 3, 
4, and 5. Three days after operation, tests for 
retention of the conditioned emotional response 
were conducted with all animals by a 3-min. 
presentation of the clicker alone. Complete 
retention of the conditioned emotional response 
was evident in the 6 operated control animals 
with cortical lesions only and in the 6 non- 
operated animals, as well as in the 3 animals 
operated prior to conditioning. All 15 animals 
crouched, defecated, and remained completely 
immobile during the clicker. In contrast, 
however, the conditioned emotional response 
appeared significantly diminished in the group 
of 15 animals in which septal lesions had been 
produced following conditioning. All 15 ani- 
mals showed some movement during the 3- 
min. clicker presentation, and only 3 of the 
15 animals defecated in response to the con- 
ditioned stimulus. This difference in frequency 
of defecation between the experimental septal 
group, on the one hand, and the operated and 
nonoperated control groups, on the other, is 
highly significant G2 = 17.2, p < .01). The 
septal lesions appear to have appreciably 
diminished the strength of the conditioned 
emotional response on this immediate post- 


operative test. 


Changes in Emotional Reactivity 

The results of the pre- and postoperative 
ratings for emotional reactivity in the 18 
experimental, 6 operated control, and 6 non- 
operated control animals are shown in Figure 
6. It is apparent that no significant preopera- 
tive differences exist between the three groups 


although the operated control animals show a 


slightly but consistently higher degree of 
emotional reactivity than the other two groups. 
Postoperatively, however, there appears a 
rather marked change In the emotional reac- 
tivity of the experimental septal animals 
compared to both their own preoperative leve 
and the level of the two control groups. The 
difference between each of the three preopera- 
tive ratings and each of the first three post- 
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operative ratings for the experimental septal 
group is significant beyond the .01 level of 
confidence. Furthermore, the difference be- 
tween the experimental septal group and the 
two control groups on each of the first six 
postoperative ratings is also significant beyond 
the .01 level of confidence. The figure also 
shows that there is a gradual decline in the 
magnitude of the ratings for the experimental 


EMOTIONAL REACTIVITY RATINGS 
(ALL ANIMALS) 
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Fic. 6. Changes in emotional reactivity following 
experimental septal lesions 


pre- 
operative | 


septal group over the 12-day postoperative 
rating period, so that by the ninth or tenth 
day, the curve for this group closely approxi- 
mates that of the operated controls. 


Changes in Starile Response 


Table 1 shows the results obtained from 
measurements of the startle response magni- 
tude both pre- and postoperatively in the 
experimental, operated control, and non- 
operated animals. The animals’ scores for 
both the pre- and postoperative tests rep- 
resent the means of the startle responses 
elicited on the five trials conducted on 
each of the two days. Inspection of the 
tabulated group mean values indicates that 
there was no significant difference between 
the three groups on the preoperative test. 
Postoperatively, however, the experimental 
septal animals show a marked increase in the 
magnitude of the startle response, while 
neither the operated nor the nonoperated con- 
trol animals show any such gross change in the 
amplitude of the response, The difference be- 
tween the pre- and postoperative mean values 
for the experimental septal group is highly 
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significant (¢ = 3.82, p < .01), as is the differ- 
ence between the postoperative mean value 
for the experimental septal group, on the 
one hand, and the postoperative mean value 
for operated control group (¢ = 3.29, p < 01) 
and nonoperated control group (l = 3.76, 
p < .01), on the other. As may well have been 
predicted on the basis of the rating scale 
changes, septal lesions appear to have sIg- 
nificantly increased the magnitude _ of the 
startle response in the experimental animals. 


TABLE 1 
Magnitudes of Startle Responses for Experiments 
Operated Control, and Nonoperated Control Group 
on Pre- and Postoperative Tests 


PREOPERATIVE POSTOPERATIVE 


s! RESPONSE IN 
GROUP MILLETERS MILLIMETERS 
Mean SD | Mean | SP 
2 
Experimental 9.80 | 7.69 | 22.58 af 
Operated control 10.63 | 8.08 | 9.98 6.87 
Nonoperated control 8.25 5.98 9.32 . 
DISCUSSION 


The results of these experiments reflect a 
clearly the critical role of certain forebra 
mechanisms in the mediation of some forms a 
emotional behavior. The striking changes i 
emotional reactivity which appear imme in 
ately following lesions of the septal region in 
the experimental animals do not pan te 
either the animals with lesions of the tea ne 
cortex or in the nonoperated animals. ears 
duration of these changes, however, &PP do 
to be limited. Although the present gene 
not permit any precise definition of this that 
parameter, it can be seen from Figure 6», na 
considerable diminution in rated emo 
reactivity occurs during the first 12 poston c- 
tive days. Whether this change can, De jca 
counted for on the basis of physiolo® y 
recovery with time alone, continued “*, 


in- 

handling, or both, is presently under 
vestigation. T 
. . eve 4 
Within the experimental group, how an 


differences did appear in both the degre ity 
duration of the changes in emotional reac p £0 
following septal lesions. In an attemp is 
provide some systematic explanation e 
behavioral variation, the 18 septal 4” sub- 
were divided into the three anatomica! °? ip 


x e 
groups of 6 animals each, represent 
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cae Ay and +. Figure 2 shows that in the 
s = of Group A, large lesions were found 
he supracommissural part of the septal 
A = involving, among other structures, all 
rae the components of the fornix 
Grou i ieue 3 shows that in the animals of 
and : the supracommissural part of the 
a an was involved to a lesser degree, 
tees ap erable parts of the fornix column 
ar ge Figure 4 shows that in the 
> ion of Group C, only minimal damage 
a of the septal area other than those 
the fore the supracommissural septum and 
nix column was sustained. 


EMOTIONAL REACTIVITY RATINGS 
(EXPERIMENTAL ANIMALS) 


a a a 


ol 1 
a 
+ \ ree 
i ~ are 
ae l S 
zi | A ~~ 
F l AUJA = 
oi i SH 
| 
i | i 
| 
1 
| 


on ea: 
Cornaro rost-oremarnt 


F DAILY RATINGS 
"IG, ; Š E IT A 
7. Changes in emotional reactivity in expert- 
mental subgroups A, B, and C 


Figure 7 shows the breakdown of the pre- 
actio operative ratings for emotional re- 
t is s in experimental Groups A, B, and C. 
fiere E rent, thia no significant preoperative 
PR S between the three groups. 

tWeen anvel however, the difference be- 
B and Toup A, on the one hand, and Group 
(01 iaa on the other, is highly significant 
Operativ of confidence for the first two post- 
di eren e daily ratings). In addition, the 
tst RE between Groups B and C on the 

ificant 5 daily postoperative ratings is sig- 
. The evel beyond the .05 level of confidence. 

tive inet the intensity of the postopera- 
f saan appears to be roughly com- 
Stnix e i with the extent of injury to the 
to the umn naturally raises some doubt as 
Nomena Septal” nature of the behavioral phe- 
Conegpe Observed in this study. The classical 
fibers 6 of the fornix column as consisting of 
a e eating in the hippocampus would 
he TON to justify an interpretation of 
& described above as the result of 
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interference with a hippocampal mechanism. 
As pointed out above, however, the fornix 
column, at the level where it was severed in 
the present experiments, receives a large num- 
ber of nerve fibers arising from the septal 
gray matter and distributing, among others. 
to the anterior nuclei of the thalamus (10), 
to the habenula (7); and to the hypothalamus. 
The present experiments leave it an open 
question whether the behavioral effects of 
septal lesions are due to interruption of such 
septodiencephalic connections, or to inter- 
ference with the massive hippocampo- 
hypothalamic discharge pathway contained 
in the fornix column, or to both. A possible 
role of direct hippocampal projections to the 
brain stem in affective behavior could ob- 
viously be demonstrated only by bilateral 
interruption of the fornix system proximal to 
the level where it receives its contribution 
from the septal nuclei. Such experiments, 
however, will be complicated by substantial 
and hardly avoidable injury to adjacent brain 
structures. 

The effect of the experimental septal lesions 
in decreasing the strength of the conditioned 
emotional response, however, presents an 
apparent paradox when the marked increase 
in general emotional reactivity found in the 
same experimental animals is considered as an 
effect of such lesions upon the emotional reper- 
toire of the organism considered as a unitary 
instinctual pattern. At least two possible ex- 
planations for this apparent inconsistency 
present themselves. First, the change in the 
conditioned emotional response may represent 
only a nonspecific effect of septal ablation 
upon previously learned behavior in general, 

se in the strength of the 


so that the decrea 
previously conditioned “fear” response may 
not necessarily be related to the emotional 


character of the reaction per se. That is, 
septal lesions might increase general emotional 
reactivity on the one hand while impairing the 
retention of any previously learned behavior 
on the other. i ; 

Secondly, the apparent inconsistency be- 
tween the two “emotional” changes In behavior 
following septal ablation may be related toa 
confounding of the two effects in the post- 
operative test for retention of the conditioned 
emotional response. That is, postoperative 
presentation of the conditioned clicker stimulus 
to the experimental septal animals may have 
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elicited an unconditioned movement reaction 
specific to their hypersensitive physiological 
state which tended to occlude somewhat the 
previously conditioned “freezing” response. 
Experiments are presently in progress to test 
these two possibilities, as well as to evaluate 
the duration of the changes in emotional be- 
havior following septal lesions. 


SUMMARY AND CONCLUSIONS 


The present report describes a series of ex- 
periments investigating the behavioral changes 
exhibited by albino rats with surgical lesions in 
the septal forebrain region. i? : 

Thirty male albino rats were divided into an 
unoperated control group (6 animals), and two 
operated groups, an “experimental septal” 
group (18 animals) and an operated control 
group with lesions of the cingulate cortex (6 
animals). Both pre- and postoperatively, data 
were collected on all animals with respect to 

(a) the acquisition and retention of a con- 
ditioned emotional response (CER) of the 
“fear” or “anxiety” type, (b) the magnitude 
of the startle response, and (c) general emo- 
tional reactivity as reflected in a seven-item 
rating scale. 

Upon completion of the behavioral observa- 
tions, the animals were sacrificed and the 
lesions reconstructed histologically. 

1. Significant increases in both emotional 
reactivity and startle response magnitude 
were found in the “experimental septal” 
animals postoperatively, No significant change 
could be observed in either the operated or 
nonoperated control animals. In addition, the 
septal lesions were found to have appreciably 
diminished the strength of the previously con- 
ditioned “fear” response although such lesions 
appeared to have no effect upon the acquisition 
of this response. 

2. The magnitude of the changes in the 
behavior of the experimental septal animals 
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appeared to be roughly commensurate with 


the extent of injury to the fornix column, 
suggesting the possible importance of this 
complex paleocortical fiber bundle in the 
transmission of neural impulses involved in 
determining affective behavior. 
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BIOELECTRICAL POTENTIALS AND MENTAL EFFORT: I. CARDIAC EFFECTS 


ADELBERT FORD 
Lehigh University 


Two principal cardiac effects will be de- 
scribed in the following pages: (a) the effect of 
mental effort on cardiac frequency and (b) 
the effect of mental effort on the integrated 
Cardiac bioelectrical potential. The two phe- 
nomena are related to each other and give 
further light on the cost of “mental work.” 

We have no intent to settle the dispute over 
the definitions of the words “cost,” “work,” 
and “fatigue.” Costs are dependent on the 
medium of exchange, which is valued differ- 
ently by various writers: oxygen consumption 
of the body in total is one way of looking at 
the problem; wear and tear on local body 
Parts is another; life span involves still another 
Viewpoint. We shall never settle the definition 
or Physiological costs until we have more 
Ocal facts.’ 

Facts concerning the relation of cardiac 
Tequency (pulse speed) to psychological proc- 
= are so well known that very little more 
ig be expected for this topic alone. A few of 
cn early references to it are Ladd and Wood- 
ee (11), Billings and Shepard (3), Blatz 
G i Skaggs (13, 14), Darrow (6), Boas and 

oldschmidt (5), Baker (1), Shock and 
emia (12), and Benedict (2). Several have 
iñ ed that sudden attention given to almost 

Y stimulus is followed by a highly reliable 

z consistent increase in cardiac frequency. 
ae has noted that this is one of the most 
eoe of all the circulatory indices that 
inte mpany mental effort. It is true that some 
n "pret this cardiac effect to be the result of 
sl dao onana] condition characteristic of the 
likel of a mental change and, therefore, most 
shite; 2 be found at the immediate onset of a 
ig = am mental set. We shall show that this 
Ci ce eensarily true for all Ss or all situations. 
> a frequency rise can sometimes be a 
if ned phenomenon over a period of time, 

€ mental effort is continuous. 


the © Such volume of work has been done on 


owe Antification of the cardiac potentials, 
Been and in fact not until very recently 
there been equipment and trained work- 


ers. The integrated bioelectrical output of a 
given local region constitutes one of the few 
ways it is possible to arrive at an index or 
estimate of “local costs.” It is entirely possible 
that local costs may have a more significant 
relation to welfare and the life span than any 
measure in terms of such general costs as work- 
ing metabolism in relation to basal metabolism. 
The latter dilutes local effects with unwanted 
measures. It is perfectly possible that the work 
output of a local part may rise 500 per cent 
while the Oz consumption of the body in total 
rises less than 2 per cent, just as the efficiency 
of a large machine may be threatened by the 
stress placed on one small wheel. 


METHOD 


Apparatus 


A description of the electrical apparatus for these 
experiments has already been published (8). Essentially 
it consisted of high-gain amplifiers feeding into a 
graphic recorder, producing a typical cardiogram, 
myogram, and encephalogram from electrodes at- 
tached over heart, muscle, and brain. From these same 
electrodes branching channels were sent to the bio- 
electric integrator, an instrument which in effect draws 
a straight line along the “electrical average” of output 
curve variations, folds the lower half upon the upper 
half, and then adds the curve area for any predeter- 
mined time. It is thus possible to measure the relative 
changes in energy picked up by the electrodes for 
control versus experimental periods of time. Recording 
was fully automatic, with a microfilm camera taking 
pictures of the meters which indicated the answers 
coming from the electronic integrator. 

Filters of the lines feeding the integrator were set 
to respond to any frequency of 500 cps down to 1 cycle 
in 2 sec. Electronic noise was measured by substituting 
a “dummy subject,” which was essentially a variable 
resistance having the same value as the skin resistance 
of the human S, and integrating the noise. This noise 
level was subtracted from the S's readings. It never 
amounted to more than 2 per cent of the total. 


Procedure f 
; supine on a cot, hands at his sides, with 
e tas tex, knees, and forearms aes 
arranged to make postural tonus agen oN ardiac 
electrodes were attached to the region over > oi 
and sternum. Another pair of electrodes r ati 5 5 
to the region over the left frontal lobe and left ear lobe. 
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In the later experiments a third pair was attached to 
the area over the flexor arm muscles. s 
The S had previously agreed to do mental arith- 
metic problems, which began with an announced 
number from the intercommunication speaker. Upon 
receiving this number, S mentally multiplied the num- 
ber by 7, then divided the product by 6, and dropped 
any remainder. Then this number was again multiplied 
by 7, the product divided by 6, and the remainder 
dropped, and the procedure continued in this fashion 
until S had worked as many steps as possible. Some Ss 
wanted to use progressions, decimal fractions, and 
other substitutes for getting solutions, but the dropping 
of remainders made it difficult to find a good substitute 
procedure, and all but one S finally gave up trying to 
find short cuts. $ ae 
The timing was arranged in a series of 3-min. in- 
tervals such that mental work periods alternated with 
rest periods, and S was told that during either one, all 


mm 
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Fic. 1. A typical tracing 


voluntary movement was strictly forbidden. Bioelec- 
trical output was integrated separately for both rest 
and work periods. Between these 3-min, periods was 
inserted a 36-sec. intermission for giving instructions, 
receiving answers, and allowing S to make minor ad- 
justments for maintaining freedom from postural strain. 
No integrations were made during the intermission 
periods, since the potentials from voluntary responses 
would have been too violent to receive with all gain 
settings at resting levels. 

It is thus clear that we mean by “pure” mental 
effort a situation such that the integrations could be 
made with no speech involved, no sense organ adjust- 
ment, and the very lowest postural tone possible. 
Some of the past experiments have required Ss to read 
a paper, recite answers, or listen to instructions. It can 
hardly be said that such situations provide measures 
of the body concomitants for mental work. In our 
experiments the integration was not started until § 
was about 5 sec. into the task, and it was stopped 
before the answer was requested. 

Since the object was to determine the potential rise 
during work as compared with an equal rest period, it 
was important that Ss really relax. Therefore, before 
work started all Ss were given two or more successive 
rest periods to practice relaxation by a method which 
somewhat remotely resembled Jacobson’s (9). It was 
here that we used facts already disclosed by Kennedy 
and Travis (10). The myogram from either the fore- 
head (m. facialis) or the forearm is an almost perfect 
indicator of the degree of relaxation achieved. This is 


true, although we distinctly disagree with their con- 
clusion that the myographic output could be used as 
an “alertness indicator.” We found that a completely 
relaxed S would produce resting potentials not to ex- 
ceed 4 microvolts in amplitude, and that these were 
totally lacking in the spike transients characteristic of 
any degree of muscle tension. If S showed instant 
capacity to relax, the work began immediately; if he 
did not relax, he was given further practice periods. 


Subjects and Nature of Data 


There were 20 Ss, all male college students who were 
paid an hourly rate. However, one S consistently re- 
fused to follow instructions and finally quit before all 
the runs were completed. He is not included in the 
calculations of results, but his measurements are shown 
in the tables. In any such experiment as this, it must 
be admitted that the level of motivation is one of the 
determinants of individual differences in the measure- 
ments. aad 

Figure 1 shows a typical cardiogram accompanie’ 
by a frontal encephalogram. It reads from left to right. 
On the left side at R, S is relaxed at the end of a nea 
period. In the middle, the straight line shows the inter 
mission of 36 sec. (equipment turned off) when S a 
being given his number for the problem. At the right, 
beginning with W, is the beginning of the mental y 
period. Note that the spike potentials of m. facials 
are superimposed on the brain wave. Whereas the dis- 
tance between cardiac notches at R is such as to indi- 
cate 69 pulses per minute, at W the distance Ee 
notches is such as to indicate a frequency of 92.7. A e 
data on frequencies were secured by measuring une 
distances of successive groups of five notches and ca. 
verting the figure to frequency per minute. The eee A 
urements for a rest period were then computed for t ie 
mean and standard deviation, and the same was done 
for a mental work period. From these values it es 
possible to arrive at the critical ratios for the differenct 
in mean frequencies of work and rest periods, respec 
tively (Table 1). ays 

Each “run” consisted of nine 3-min. periods, alw ae 
beginning with a rest period and ending with a T s 
period, in alternate rest-work order, five rest perl’ 
and four work periods. If R designates a rest per! is 
and W a work period, then the first half of a Epen 
considered to be R,W,R,W,R. But the third R Y 


-ilar 
also be included in the last half as a sens 
R,W,R,W,R. The integrations of the two W The 


averaged together to give the mental work value- to 
integrations of the three R’s are averaged roger g. 
give the rest value. The reason for beginning and dily 
ing with a rest is that sometimes there is a drift stea ul 
downward in the size of the integrations, and it r an 
not be fair to compare a terminal work value wit 
initial rest value. run 

The reason for presenting the first half of 8 non 
separately from the last half of a run is the phenom ey 
of adaptation. As Ss get “adjusted” to their task, - 
show less tension, and the physiological chang? de 
come more uniform and consistent. In other W of 2 
mental effort is heightened by the strangeness 
task, and this may involve emotional tone- 
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RESULTS 


_ Table 1 shows the averages for the 20 Ss, 
including the one who was uncooperative 
(listed as Y). The S designated as X is included 
in the computations, although he was fright- 


TABLE 1 


Cardiac Bioelectrical Potentials and Frequencies dur- 
ing Mental Work 


_ Percentages of increase for work periods as compared 
With rest periods, for the first halves and the second 
alves of the runs. The Ss are arranged in the order 
of their magnitudes of increase of potentials during 
the first halves of the runs. CR, the critical ratio of the 
ifference in means for frequencies. 


CARDIAC POTENTIAL CARDIAC FREQUENCY 
ii ; ue a | CR | ava | CR 
Toitias | ie | ad Hei ist Hate | St, mdha) 224 
—_—— 
LG |+11.0 | +2.7 [+10.3 [12.7 | +5.0 | 6.1 
RG | 49:4] +0.8 | +6.4| 5.1 | 42.2 | 2.0 
RPG | 7:1 | +5.6 [412.9 | 7.4 [+11.8 | 6.3 
WHM | +6.9 | +3.9| +7.2 | 5.9 | +7.7 | 5.0 
DIR | +6.9 | $5.3 [412-1 [13.7 |+10.8 [10.1 
SES | 46.6] 46.7 [+11.9 [11.1 | +8.5 | 9-1 
Ne | 6.2 | $3.8 | $3.3 | 2-1 | 42.5 | 1-2 
Bog | +6.2 | +1.0 | +5-5 | 3.9 | $1.2 | 2.2 
VEX | +61 | +5.9 [+10.5 | 7.2 | +8-5 | 8-5 
Rey | +6.0 | +5:1 [+11.8 |12.8 | +8.0 | 9-1 
Foa | +59 | +4-6 |+15.7 [20.7 +11.3 |21.4 
cos | +56 | +4.1 +16.5 |18.4 +11.5 |13.8 
omy | +48 | +6.8 [+17.8 |16.2 +17.7 [17-1 
Amo | +48 | +6.6 |+18.9 |12.7 |+18-7 [11.1 
Jwg | +83] +6.3 [+11.9 [12.7 +15.2 |13.9 
Msg | t38 | +31 | +4.6) 4.5 +4.0 | 4.3 
Cs +3.5 | +3.3 | +0.6 | 3.2 | —1.3 | 2-1 
ce +2.4 | +0.8 | +8.8 |10.4 | +6.7 | 7.0 
Yt +0.1 | —0.1 | +8.6 | 9.1 | +4.5 | 5.5 
—12.5 | +2.0 | +8.9 | 6.6 | +0.2 | 1.3 


. 
An S wi n A 
a S with severe emotional disturbance during runs. 
follow ; S who was uncooperative and consistently refused to 
Ww instructions, 


ma the entire situation. He was a foreign 
Psychol with superstitious ideas concerning 
Other Ologists, apparently, but cooperative. All 
a achieved a reasonable degree of 
Ceasi, lon during rest periods, and on three 

aka’, Ss went to sleep. They were 
Went on during the intermission, and work 


ae 
Die table shows that the average ex- 
by the is that the electrical energy put out 
€ heart, measured at this location, rises 


abo, 
u 
Per cent during mental work, as com- 
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pared with the rest periods, for the first half 
of the runs. This “local cost” drops to about 
4 per cent for the second half of the runs be- 
cause of gradual adaptive effects. 

However, it is important to note the ex- 
tremes. One S’s cardiac electrical output rose 
11 per cent during mental work. During the 
first halves of runs, 6 of 19 Ss showed no sign 
of adaptation, with heart potentials integrating 
during the second halves as high as, or even 
higher than, the first half. Whether this sig- 
nifies sustained effort or continued frustration, 
we cannot be certain, but it may be significant 
from the viewpoint of costs. 


TABLE 2 
Adaptive Cardiac Effects 

Comparison of Means, First and Second Halves of Runs 

Mean percentage increase for mental work as com- 
pared with rest periods for 19 Ss, first halves and second 
halves of runs. The critical ratios for the difference 
between means computed with the formula for cor- 
related paired scores. 


MEAN 


NE ior BALE anp HALE | DIFF. | CR ? 
Potential +5.68 | +4.026| 1.654| 2.48 | .03 
output 
Frequency +10.28 | +8.36 | 1.92 | 3.77 | .15 


However, the trend toward lower integra- 
tions during the second halves is strong enough 
to make the difference in means significant at 
the .03 level, as shown in Table 2, while a 
similar shift in cardiac frequencies, due to 
adaptation, has a confidence level of 15. 

The relationship between cardiac potential 
output and cardiac frequency is not simple. 
Both show predominantly as rises during 
mental work. For the first halves, however, 
the product-moment correlation between heart 
potentials and pulse frequencies 1s only + .05. 
For the second halves the correlation becomes 
+ .78 (with a probable error of .09), showing 
that strong agreement has appeared between 
potentials and cardiac frequency. 

By and large, the percentage of increase for 
frequency is greater than the percentage of F 
crease for potentials. This means that the 
trend is for the heart to beat faster, e each 
beat is shallower. If each beat remained just 
as strong, then potentials would be propor- 
tional to frequency, and this is not the case. 
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However, note that the relationship may be 
better presented in the form of case types: 

1. During the first halves of runs, 12 of 19 Ss 
showed the tendency for frequency to rise by a 
greater percentage than integrated potentials. 
This is the type in whom the heart beats 
faster and shallower during mental effort. 
During the second halves of the runs 16 of the 
19 fell into this classification. 

2. During the first halves, 3 Ss showed per- 
centage increases for frequency which were 


MEAN CARDIAC 
POTENTIAL RISE 
ANO 
ACCURACY OF 
PROBLEM SOL- 
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just about the same as the rises for integrated 
potentials. During the second halves, only 
1 S belonged in this category. This is the type 
in whom the heart beats faster and with equal 
volume. 

3. During the first halves, 4 Ss showed the 
phenomenon of a percentage increase in inte- 
grated potentials greater than the increase in 
frequency. There were two such Ss during the 
second halves. This is the type in whom the 
heart beats both faster and stronger. 

It is practically certain that some readers 
will raise the following distinction: It isn’t 
the thinking per se which causes the additional 
strain on the heart, but the emotional tone 
which does it. Davis (7) faced that point in 
his study of muscle tone. It is the fear of fail- 
ing, the dislike for the task, the frustration 
after mistaken calculations—all emotional 
effects. And just as Davis made a check on the 
difference between correct and incorrect cal- 
culations (assuming that the latter involve 
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frustration), so we shall also see if this has 
any validity. 

Figure 2 charts all that we can find. The 
mental work was difficult. The Ss generally 
knew when they were wrong, without being 
told. They would forget their numbers and 
have to start over. But we wanted a task 
so difficult that there would be no chance of 
ending with neutral findings. The 66 runs In 
Figure 2 represent those on which there were 
unquestioned checks for accuracy out of the 
total of 76 runs for the 19 Ss. The 10 omitted 
represent cases where S could not remember 
what his last answer was when asked. 

Whereas Davis apparently found that mus- 
cle tone was higher on wrong answers, this 
table shows that the nine runs with perfect 
calculations had the highest integration. How- 
ever, the difference between columns A and B 
has a confidence level of only .06. There 15 
certainly nothing here which is a striking 
proof that frustration is the cause of increase 
tension in the cardiac system under the con- 
ditions of this experiment. 

With regard to the assumption that the 
cardiac changes are largely initial shock 
effects, certainly the frequency measurements 
showed no strong evidence. Those Ss (se? 
Table 1) who had critical ratios of 5 or higher 
for the difference in means between rest an 
work periods often showed records where the 
highest frequency in the rest period never 
reached the value of the lowest frequency 1n, 
the work period. In fact, the tendency for the 
higher frequency to be sustained throughout 
the work period was the rule, with but few €*- 
ceptions. Although similar observations were 
not possible for the potentials measurements 
in all Ss, changes in circuit introduced 12 ibe 
later parts of the experimental series made 1 
possible to take a series of short samples ° 
integrated potentials throughout the we 

period, and this only verified the trend S 
shown by frequency counts. The cardiac stres 
tends to remain throughout a work petioc 


SUMMARY 


1. The bioelectric output of the heart 2 
be measured by the use of an electronic ue f 
grator and constitutes a partial work inde* 
that organ. 


or 
2. With all needs for body movements 


ELECTRICAL POTENTIALS AND MENTAL EFFORT 


postural tone removed, pure mental effort 
involved in arithmetical computation raised 
the electrical output of the heart approxi- 
mately 6 per cent, and for one S as high as 
11 per cent. 

3. The majority of Ss showed gradual 
adaptation and lower potential readings for 
the last half of each run, but there were several 
Ss who either showed no improvement or 
even | showed increased potentials as the 
experiment progressed. 

4. The majority of Ss, during the mental 
work periods, showed higher frequencies with 
shallower potentials for each beat. But there 
were Ss who exhibited faster beats of the same 
electrical amplitude, and some even showed 
faster beats with higher amplitudes for 
each beat. 

5. There was a very low significance for the 
relation of potential output to the correctness 
of the work done, and that was in the direction 
of higher potentials for the more accurate 
workers, 

6. During a given work period the cardiac 
Stress, measured by either frequency or po- 
tentials, tends to remain high. 
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EFFECTS OF CHANGES IN ARTERIAL OXYGEN AND CARBON DIOXIDE 
UPON COCHLEAR MICROPHONICS! 


KEMPTON G. WING, J. DONALD HARRIS, ALBERT STOVER, anp JOSEPH H. BROUILLETTE 
USN Medical Research Laboratory, USN Submarine Base, New London, Connecticut 


Among the considerations which first arise 
as we study the production of cochlear 
microphonics is a description of how the 
structures which generate them use certain 
materials considered fundamental to metab- 
olism. The most important of these substances 
for vertebrate cells is oxygen. Effects of 
hypoxia and anoxia upon the ‘microphonics 
have been studied in several investigations 
(e.g., 2, 3, 4, 9, 12). The most complete experi- 
mental approach to this problem is that of 
Wever, Bray, and Lawrence (11), and a good 
recent summary of the changes in the micro- 
phonic response of the cochlea with death is 
given by Riesco-MacClure, Davis, Gernandt, 
and Covell (6, p. 158). 

Ideally, an experiment intended to relate a 
respired gas to a selected index of activity of 
an organ, tissue, or group of cells should enable 
us to describe the relationship at least as a 
function of (a) duration of exposure to the 
gas and (b) some measure reflecting its effective 
concentration. We have been particularly con- 
cerned with the latter. In view of simple and 
reasonably accurate methods now available for 
measuring concentrations of gases in small 
samples of blood, we are of the opinion that 
it is time to provide greater refinement in 
information than can be obtained by depend- 
ing upon analyses of inspired gas mixtures, 


METHOD 


Twenty-two cats were anesthetized with Dial with 
Urethane® (Ciba). To a tracheal cannula was attached 
a system of very small one-way valves contained in a 
short piece of tubing which operated in such a way that 
the cat inhaled through one orifice, which could be 
connected with a resuscitator, and exhaled through 
another. There was a volume of less than 3 cc. between 
the valves and the cannula. Both femoral arteries were 
exposed to provide sources of arterial blood. Each 
blood sample was analyzed as soon as possible. Deter- 
minations of arterial oxygen and carbon dioxide were 
made in duplicate by the methods outlined by Rough- 
ton and Scholander (7, 8) with the exceptions that the 


* This is a condensation of a full report (14), which 
may be obtained from the authors. 


traditional Van Slyke procedure was used for cats gf 
60, and 61. Hemoglobin was evaluated by means = 
the clinical Hellige Hemometer. Cochlear a eel 
were obtained between a platinum-foil electrode oer 
ing the round window and an “indifferent” hp é 
clipped to deep tissue exposed by the incision to m 
bulla, and after amplification were led to a Genera 
Radio Type 736-A wave analyzer. Except in the s 
of cat 31, with which a 1000-cps tone was used, the 
stimulus was a 4000-cps tone led to the ear through i 
short piece of rubber tubing inserted into the gran 
meatus. It was hoped that with a stimulus frequen 
4000 cps and a response of the order of 100 mito 
(11, Fig. 8), the measurement of neural activity woul 
be minimized, and distortion caused by overloading 
the ear would be avoided. iai 

In a few instances (cats 31 and 33, the administra- 
tion of CO% to cat 48, and rarely when pure Oz aa 
given) gases other than air were breathed spontane: 
ously from a rubber bag kept partly filled by maline 
from a storage cylinder. Otherwise, except for an 
factory unaided breathing of room air, rate and gep” 
of respiration were kept fairly constant at 12 cpm i 
means of a McKesson resuscitator minus the sale 
valves between its interior and the outside. The ae 
suscitator could be connected with or removed ott 
the cat in a few seconds, and was operated aac 
was needed for a sufficient time to fill the tube less i a 
to the cat and thus to insure rapid administration ©! 
intended concentrations of gases. 


RESULTS 


Effects of Hypoxia upon Cochlear Microphontes 
during Hypoxia 


Oxygen content of arterial blood and fall bi 
microphonics during hypoxia. Figure 1 ae 
the relationship between volumes per ses 
of oxygen in arterial whole blood du" 
hypoxia, and the percentage drop i this 
smallest microphonic output reached whi 4 no 
condition prevailed. Cats which showe in- 
reduction and those which actually oe 
tained increases are located upon the fener 
Cats which are thought not to have comp pin 
the “acute” decline? ordinarily reached W? 

; jon 

? The minimum was arbitrarily chosen by n ap - 
of graphed data as the point at which the cur to 1e 
peared to turn definitely toward horizontal a oint 
bound at the bottom. It was found that suc cted © 
(or limited range) was the most easily sele sons * 
various possibilities considered. For various Te® 
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a few minutes from the beginning of hypoxia 
are excluded, as are animals whose curves ap- 
proached the limits set by complete anoxia and 
death. The percentage fall in the latter would 
obviously be meaningless because of its de- 
pendence upon the voltages which were arbi- 
trarily elicited in the beginning. It is clear that 
the decline in cochlear output increases with 
deprivation of oxygen. The following state- 
ments may also be made: (a) Small changes in 
the amount of oxygen carried by the blood 
have much greater effects upon cochlear re- 


10 20 30 40 50 60 70 80 90 100 
Per Cent Fall In Microvolts During Hypoxia 
Fic. 1. Arterial oxygen and fall in microphonics 
uring hypoxia 


SPonse when hypoxia is severe (¢.g., below 
Vol. per cent). (6) Even moderate degrees 
of hypoxia (below 9 vol. per cent) appear to 
depress microphonics to some extent. (c) 

€ absolute variability of the effect of hy- 
Poxia upon the size of the cochlear response is 
*PParently greater for lesser degrees of 
‘YPoxia, The belief that our results are de- 
ae dent upon the degree of experimentally 
co Uced hypoxia rather than upon adverse 
oa gitions of our animals or acoustic over- 
abs ‘ng prior to hypoxia is supported by the 
of T ce of relationship between the members 
Sv Ne following pairs of variables: (a) the 

e of cochlear response prior to hypoxia and 
n microphonics during hypoxia, (b) dura- 
ei the decline during hypoxia (from be- 
Teg Of hypoxia to lowest level of cochlear 

Ponse) and initial output, (c) vol. per 


Shy, act 
full animals were returned to air or oxygen before the 
fron, tects of hypoxia became evident. Data obtained 
Whene ese cats have been used in other reg 
this he Meaningfulness has not been impaired by 


cent of O before hypoxia and drop in 
microvolts during hypoxia, and (d) vol. per 
cent of Oz before hypoxia and duration of 
fall in microphonics during hypoxia. 

Recovery of cochlear microphonics during 
hypoxia. We shall group together, under the 
heading of “recovery,” initial rises during 
hypoxia and increases following a decline, re- 
gardless of whether recovery is complete and 
whether it exceeds the cochlear response at 
the onset of hypoxia. There was no relation- 
ship during hypoxia between arterial oxygen 
content and the amount of increase in cochlear 
response above the initial level. This was true 
whether or not the rise was preceded by a 
decline. In fact, a transitory increase has been 
seen after clamping the trachea. Most cases of 
recovery (14 out of 16) began within the first 
5 min. after onset of hypoxia, and there were 
some cats (e.g., 37, 41, 61, 156) which evi- 
denced more than one clear recovery. There 
was no discernible connection between arterial 
oxygen content during hypoxia on the one 
hand and either the latency of recovery or the 
time elapsing between the beginning of re- 
covery and its maximum on the other. Figure 
2 shows that the percentage of recovery during 
hypoxia tends to increase as the amount of 
oxygen in the arterial blood increases. We have 
not observed a case of complete recovery dur- 
ing hypoxia and following a decline in mi- 
crophonics when arterial oxygen was below 
a value between 2 and 3 vol. percent. 

Explanations of patterns of microphonic Te- 
covery during and after hypoxia, and especially 
of variability in response to lesser degrees of 
hypoxia, must consider adaptive changes else- 
where in the organism which could diminish or 
counteract effects of oxygen deprivation upon 
the structures within the cochlea (1, 13). 
The possible role of the spleen should by no 
means be underestimated in this connection 
(5). With the nature of these adjustments n 
mind, we should realize that those animals 
which showed a diminution 1n cochlear output 
during relatively mild hypoxia probably reveal 
more accurately than the others the true sensi- 
tivity of the microphonic generators to reduc- 


tion in their supply of oxygen. 
Recovery of Cochlear M icrophonics after Hypoxia 


Arterial oxygen content during hypoxia and 
subsequent recovery. Our data deal only with 
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Fic. 2. Arterial oxygen and recovery of microphonics 
during hypoxia 
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complete, and the extent to which it does 
occur is more closely dependent in degree and 
time upon the amount of prior fall in cochlear 
response than upon the oxygen level in the 
arterial blood during hypoxia. These considera- 
tions make it reasonable to suggest either two 
different stages of damage to the mechanism 
underlying cochlear microphonics or two 
mechanisms which are not equally susceptible 
to interference with their supply of oxygen 
(see references 6 and 10). . 
Latency of response lo oxygen after hypoxia. 
We have observed minimal latencies of 20 to 
30 sec. between onset of hypoxia and reduction 
in microphonics. Since our procedure makes 
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Fic. 3. Arterial oxygen during hypoxia and Posthypoxic recovery of microphonics 


recovery within the first several minutes to 
few hours following hypoxia. Figure 3 shows 
that complete recovery is possible after arterial 
blood has contained as little as 2 to 3 vol. per 
cent oxygen for a period long enough to allow 
the microphonics to reach a rough equilibrium 
(about 14 hr.). Conversely, no instance of full 
recovery was found for values significantly 
below 2 vol. per cent. Perhaps some of the 
variability which is seen may be attributable to 
the lack of constancy of duration of hypoxia. 
Figure 4 reveals an inverse relationship be- 
tween arterial oxygen below 3 vol. per cent 
and the time required to reach maximum 
recovery after hypoxia. When the fall in 
microvolts is greater than approximately 80 
per cent, subsequent recovery does not become 
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i p the 
it unnecessary for us to allow time i, ae 
tube from resuscitator to animal to Þe 
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washed out with the gas being used, we con- 
sider this to be in agreement with the observa- 
tions of Wever, Lawrence, Hemphill, and 
Straut (12, p. 206) in setting the uppermost 
limits to the interval needed for hypoxia to 
affect the electrical output from the cochlea. 
That the latency of response to termination of 
hypoxia can be appreciably less than this is 
shown by more crucial data obtained from a 
portion of the posthypoxia recovery curve of 
cat 41, which deals with the speed of reaction 
to small amounts of oxygen (Fig. 5). This 
animal passed through 91 min. with an arterial 
oxygen level measured at 2.5 vol. per cent and 
required the use of the resuscitator with com- 
pressed air to re-establish spontaneous 
breathing afterward. Before unaided respira- 
tion was fully restored, the effects of single 
breaths upon a markedly depressed cochlear 
response were noted. Our protocols reveal that 
a rise in arterial oxygen content may require 
no more than 8 to 9 sec. to be reflected beyond 
dispute in the level of cochlear response. As 
did Wever ef al. (12), we must consider the 
time needed for exchanging air in the alveoli 
with each breath and for the circulation of 
Oxygenated blood from lungs to cochlea. When 
this is done, we may hazard a guess that 
oxygen is almost immediately able to counter- 
act significantly the effects of its deficiency 
upon cochlear microphonics when excessive 
damage to the underlying structures is not 
Present. These observations serve to emphasize 
the smallness of the reserves of energy and 
material necessary for the metabolic activities 
directly underlying the microphonics (12). 


Significance of Pulse Rate in the Relationship 
between Adjustments to Hypoxia and Cochlear 
Response 


The conditions governing cardiac rate, stroke 
Volume, venous return, and vasomotor tone are 
Sufficiently numerous and complex to render 
lt impossible to make valid inferences concern- 
ing circulation in any portion of the body from 
a knowledge of pulse rate alone. Electrocardio- 
grams were recorded during most of the work 
With each animal. Cardiac rates obtained at 
times showed gross correspondence between 
directions of change in microphonics and pulse 
Tate, but the changes in pulse often followed 
Similar alterations in cochlear response. 
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Effects of Changes in Arterial Carbon Dioxide 
upon Cochlear Microphonics 


Because we were primarily interested in the 
effects of hypoxia upon cochlear response, our 
observations dealing with carbon dioxide were 
only exploratory. Cochlear microphonics were 
found to be reversibly depressed, as a result 
of exposure for periods up to 30 min., by carbon 
dioxide in concentrations which are within the 
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Fic. 5. Effects of single respirations upon micro- 
phonics depressed by hypoxia 


range of those sometimes used for experimental 
purposes with man. The diminution tends to 
increase with greater concentrations of COs. 
Figure 6 shows the response of cats 31, 35, and 
48 to mixtures ranging from 5.2 to 25 per cent 
CO» in Oz or air. The values given with the top 
and bottom curves (cats 35 and 31, respec- 
tively) refer to arterial gas concentrations 
when the animals were not breathing room air. 
Cat 35 was given only 5.2 per cent CO: in Oz, 
and cat 31 received 25 per cent CO: in air. 
Values for arterial CO: and O were not ob- 
tained for cat 48, and the figures accompanying 
he percentages of CO: in O2 


its graph refer to t 
ml Ae being, in order, 6.7, 6.7, and 24, 


ould like to call attention to the fact 
ne values for arterial CO: obtained with 
cat 35 during the administration of CO» (40.2 
and 32.3 vol. per cent) were of the order of 
magnitude of those frequently found when the 
effects of hypoxia upon our cats were being 
studied, especially while the animals were 
breathing room air. It should also be noted 
that the effects of CO: are not simple. For ex- 
ample, this gas may act as an anesthetic, a 
stimulant for certain reflex functions, a vaso- 
dilator, and a regulator of pH with secondary 
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effects upon electrical conductivity through 
tissues. By means of the above presentation, 
we wish primarily to emphasize the need for 
detailed study of the effects of CO2 on cochlear 
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far rendered impossible even an approach i 
precise regulation of substances reaching an 

leaving the cochlea, we must vary on a grosser 
scale the chemistry of the organism as a whole 
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Fic. 6. Effects of CO. upon cochlear microphonics 


function and the importance of considering 
these effects while focusing attention upon the 
action of other gases. 


DISCUSSION 


In agreement with other studies, a few of 
which have been cited, our observations indi- 
cate that an aerobic metabolic process is basic 
to the production of cochlear microphonics. 
The promptness of the change in microphonic 
level upon the induction of severe hypoxia and 
especially the demonstrably brief latency of 
rise in cochlear response following subsequent 
presentation of oxygen emphasize the closeness 
of the association between this aerobic reaction 
(or reactions) and the recorded energy. Our 
findings may therefore be regarded as further 
evidence that the ear is not a passive transduc- 
ing mechanism. Because the anatomy of the 
Inner ear and associated structures has thus 


and rely upon careful measurements of oe 
changes if we wish to refine our ae 
Studies of cochlear activity much beyonce als 
cording the effects of directly applied chemio 
or of respired gases according to their pay’ er 
trations. Our data show that cochlear mic o 
phonics may be depressed by dese wen 
hypoxia which are probably mild enough i 
to permit compensation in full by the adjus ain 
mechanisms of a healthy animal. Thus, oat 
is stressed the intimacy of relation ace) 
cochlear response and oxygen. Unfortun@ the 
not enough appears to be known concerning 
blood of cats to permit integration OS 
results with human respiratory physioion? an 
this time. The effects of COs reveal it to jected 
important and probably too often ne udies 
variable in its own right in physiological R 

of auditory mechanisms. 


EFFECTS OF OXYGEN ON COCHLEAR MICROPHONICS 


SUMMARY 


1. In some cats, reduction of arterial oxygen 
from an average maximum possible value of 
14.1 vol. per cent to 6 to 9 vol. per cent was 
accompanied by definite though reversible de- 
pressions in microphonics. 

2 Variability among cats was considerable 

with regard to the effectiveness of the less 
Severe degrees of hypoxia in reducing micro- 
Phonics. In this connection, the possible sig- 
nificance of circulatory adjustments and of 
Incidental changes in arterial CO: was 
mentioned. 
_ 3. The percentage fall in microphonics dur- 
Ing hypoxia was unrelated to the initial amount 
of cochlear response at the moderate levels 
elicited in this study. 

4. Complete recovery of microphonic output 
followed arterial oxygen concentrations as low 
as 2 to 3 vol. per cent maintained for as long 
as approximately 14 hr. No instance of com- 
plete recovery followed hypoxia of sufficient 
Severity to lower arterial oxygen significantly 

elow 2 vol. per cent. 

5. When arterial oxygen was below about 
3 vol. per cent, the lower the level of arterial 
Oxygen, the longer was the time required to 
Teach maximum recovery. 

6. When the decline in microphonics during 
Ypoxia exceeded 80 per cent, subsequent 
recovery upon termination of hypoxia was 
reduced and its temporal course was greatly 
Prolonged. 

7, No more than 8 to 9 sec. need elapse 
tween the inhalation of oxygen in room air 
and a significant increase in microphonics 
already depressed by hypoxia. 

Bes Cochlear microphonics were reversibly 
uced by inspired COs in Oz (or air) in con- 


ceutations between 5.2 per cent and 25 per 
nt, 
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BEHAVIORAL ADJUSTMENT TO THIAMINE DEFICIENCY IN ALBINO RATS! 


ZELLA LURIA 
Indiana University* 


Animals deficient in thiamine have been 
reported to increase their intake of the needed 
vitamin when thiamine is available. Among 
biochemists a simple effect theory has gained 
credence to explain vitamin selection. This 
explanation accords a central role to the 
animals’ ‘feeling of well being” which is said 
to lead to an increased intake of the reinforcing 
substance. If the time of increased intake of a 
needed vitamin is a function of the animal’s 
response to internal changes associated with 
approach toward some physiological optimum, 
then the increase in rate of intake is likely to 
occur, in the case of thiamine, about 1 hr. 
after ingestion of some thiamine. Reaction to 
the ingestion of thiamine by a deficient animal 
occurs within the first hour after intake. 
Marked physiological and chemical changes 
occur during this short time. 

Scott and Quint (2) report an experiment in 
which rats deficient in thiamine, given a choice 
for a three-week period of food lacking and 
food including thiamine, all chose the 
thiamine-containing diet almost exclusively 
on the first or second day. It is not possible 
from this experiment to conclude with accuracy 
when the animals increase their rate of 
thiamine intake. For this purpose, the Skinner- 
box experiment described below was designed. 

The papers of Scott and Quint (2) and of 
Scott and Verney (3) support the notion that 
thiamine-deficient animals make choices which 
solve their deficiencies. Their papers leave open 
one question. Control animals eat about as 
much thiamine-containing food during a-three- 
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week control period as thiamine-deficient 
animals eat during a three-week experimental 
period. This is to say, significant differences 
in intake of thiamine by deficient rats may be 
a function of the control group’s decrease 1n 
intake of thiamine with prolonged contact with 
it. To conclude that the deficient animals are 
behaving adaptively would first require control 
of the habituation factor. To this end, the 
free intake experiment described below was 
undertaken. y 

A recent advance in biochemistry permits 
us to use a short cut to create thiamine de- 
ficiency. Frohman and Day (1) report that 
an analogue of thiamine, oxythiamine, 15 
capable of replacing thiamine in animal tissues 
and, in addition, causes excretion of body 
thiamine in weanling rats. Within 12 hr. after 
intraperitoneal injection of oxythiamine, 
Frohman and Day report that extreme 
nervousness and incoordination are observed. 
In the experiment to be reported, thiamine-free 
diet and oxythiamine were used to produce 
avitaminosis. 


EXPERIMENT I 
Procedure and Apparatus 


Sixty-four male albino rats, 30 days of ee 
(+5 days), were habituated to handling for 3 days an 
then given training to the click of a magazine for 2 days: 
Magazine training and subsequent bar-pressing ian 
ing were performed when animals were deprived A 
water for 22 hr. Reinforcement was a drop of distilled 
water (.02 to .03 cc.). Conditioning was spaced ee 
4 days. A total of 300 reinforcements was allowed. 
practice, the total number of reinforcements varie 


from 289 to 312. Any discrepancy of more than 5 per 


cent in total number of reinforcements caused an anima 
to be eliminated. Since eight animals were bar peak 
during every run, and since the counters were in a of e 
apart from the Skinner boxes, E was not always ae 
to remove an animal immediately following the thr 

hundredth response. tire 

Following the four conditioning runs, the if n 

group was divided randomly into an experimenta: two 
a control group. All animals were weighed, and the ay 
groups were found to differ in average weight by ae 
1 gm.; the mean weight for the experimental group fter 
77 gm., for the control group 76 gm. Two days aie 
weighing, the control group was given an intrap 


358 


ADJUSTMENT TO THIAMINE DEFICIENCY 


toneal injection of 40 micrograms of thiamine in 1 cc. 
of saline; the experimental group received 1 cc. of 
saline. Five days later, all animals were weighed; since 
no differences between group weights appeared after 
seven more days, the dose of thiamine was increased to 
250 micrograms for the control group. Saline alone was 
administered to the experimental group. Three days 
later differences in the rate of gain between the two 
groups began to appear. 

For the test run four control animals and four experi- 
mental animals were run in the Skinner box during 
each 48-hr. period following the first appearance of 
differences in rate of weight gain. No experimental 
animal was run if its weight gain exceeded 11 gm. from 
the time of the first weighing. 

All animals were run in the Skinner box under low 
thirst drive. The animals were deprived of water for a 
16-hr. period, from 5 P.M. to 9.a., watered for 1 hr., 
and run 5 hr. after removal of water. The Skinner box 
contained a thiamine solution of .0025 per cent, a drop 
of which served as reinforcement for every bar-pressing 
response. The reinforcing solution contained 25 micro- 
grams of thiamine in 1 cc. of distilled water; 25 micro- 
grams is the approximate daily thiamine requirement 
for rats of this age. : 

The animals were permitted to press the bar until 
satiated. The criterion for satiation was 15 min. of no 
responding after the animal had made some responses. 
Usually this was accomplished within 1 hr. Following 
Satiation, all cages were opened and two dishes, one 
containing thiamine-free food and the other containing 
distilled water, were placed in a corner of the cage. 
The animals were kept in the Skinner box for 46 hr. 
All bar presses were recorded. The number of rats run 
through the whole experiment was 41, 22 in the control 
group and 19 in the experimental. Rats were eliminated 
before testing in the Skinner box for failure to condition 
within the allotted time, failure to fulfill the weight 
requirements, for any failure of the Skinner-box appa- 
ratus, and for any continued illness. 

Animals were maintained in the 
46-hr, period at a temperature slightly higher 
temperature. This temperature difference was due to 
heating by the rat itself and by the light in the appa- 
ratus. Air change was maintained by & suction pump 
which was connected by rubber tubing to all cages 
through a negative pressure manifold operated by 2 
mechanical vacuum pump. This pump sucked out air, 
which caused fresh air to enter through small holes in 
the side of the box. This functioned as air cooler, 
ventilator, and deodorizer of the box. 


Skinner box for a 
than room 


Resulis 

Figure 1 shows the rates of bar-pressing Te- 
sponses for experimental and control groups. 
The experimental group gives more responses 
in the Skinner box than does the control group. 
The difference between the two groups appears 
within the first 18 hr., and thereafter 
differences are negligible. The initial differ- 
ence in average number of responses (45.1) 
made by both groups during the 1-hr. satiation 
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period yields a value of 3.8 on the Mann- 
Whitney test, significant well beyond the 
.01 level. $ 

An attempt was made to correlate frequency 
of response with some measure of activity. 
Ten animals in each group were run through 
an activity wheel which mechanically recorded 
the number of revolutions they ran in 1 hr. 
The control group gave an activity score 
average of 113.5 revolutions while the experi- 
mental group gave only 102.1. No support can 
be said to be given to a simple activity cor- 
relate, although these data are not reliable 
enough to rule out the correlation even for 
our group of animals. 


Joi 


40 


Hourty Rares 


I-5 S-18 i822 AHL #46 


Inrervat, Hours 


Fic. 1. Hourly rates of responding of experimental 
and control animals for six time samples during 46 hr. 
in the Skinner box. White bar=experimental group; 
black bar=control group. 


0- 


EXPERIMENT II 


Procedure and Apparatus 

Fifty male albino rats, averaging 30 days of age 
(+5 days), were habituated for 2 days to a thiamine- 
free diet. Following these 2 days, two groups of 25 ani- 
mals were selected by means of a table of random 
numbers and designated as experimental and control 


groups. 


The two groups of 25 rats were broken down further 


into five subgroups for five concentrations of thiamine 
solution. These subgroups were given 4 days in the 
experimental cages with a choice between a single 
concentration of a solution of thiamine hydrochloride 
and distilled water. The thiamine-free food was avail- 
able at all times for these four days. After each 24 hr. 
the liquid removed by the animals from the bottles 
was measured. The position of the two bottles for a 
single animal remained constant throughout the ex- 
periment. For any group of rats subjected to a given 
concentration, five had thiamine on the right and five 
had thiamine on the left side. 
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After 4 days in the experimental cages, all animals 
were removed to home cages and left on a thiamine-free 
diet for 19 days and given intraperitoneal injections. 
The control group received 250 micrograms of thiamine 
in 2 cc. of saline; the experimental group received 
200 micrograms of oxythiamine in 2 cc. of saline. 

Forty-eight hours after these injections, the animals 
were returned to the experimental cages for 4 days 
under the same conditions of choice as existed during 
the control period. Thus, we have group variations due 
to treatment (oxythiamine vs. thiamine), concentra- 
tion, and days. R 

The measurement of intake requires some descrip- 
tion. At the same time every day on days 3 to 6 inclu- 
sive and days 9 to 12 inclusive, all bottles were removed 
from the cages and measurements were taken. All water 
bottles were handled first; then, in order of increasing 
concentration, all bottles with thiamine were handled. 
Measurement was made as follows: all bottles were 
refilled from a 10-cc. pipette graduated in .1 cc. (with 
whatever solution they already contained) until the 
liquid reached the 30-cc. mark on the bottle. 

The highest concentration (called concentration 
5 hereafter) was a .25 per cent solution of thiamine 
(.25 gm. of thiamine in 100 cc. of distilled water). The 
concentrations 4, 3, 2, and 1 were successively weaker 
by single log units (.025 per cent, .0025 per cent, 
-00025 per cent, and .000025 per cent). The solutions 
were prepared by the dilution method. These five con- 
centrations were used since preliminary trials indicated 
almost no intake of thiamine beyond the .25 per cent 
level. 

The rats were kept on wire mesh above reach of the 
pans for droppings. No rat was able, under these 
conditions, to reach his feces. This control was necessary 
since deficient animals are able to make up deficiencies 
in diet by eating their feces, 

The intake cages measured 834 in. deep by 10 in. 
long by 7%% in. wide. Choice bottles were kept flat 
against the wire mesh at the side of the cage by means 
of metal hooks which held an elastic band behind the 
two bottles. This arrangement kept the position of the 
tubes stable. The hole through which the animals 
drank was in the low point of a J-shaped tube. Leakage 
from the tip was eliminated in this way. 


Results 


The results show that rats, like humans 
(unpublished study, P. T. Young), prefer 
water to thiamine solution. This is true for 
both experimental and control groups. Com- 
parison of preferences before and after the 
injections indicates that 17 of 25 experimental 
animals showed increased preference for water 
and 21 of the 25 control animals showed the 
same trend. The difference between the prefer- 
ences observed and an expectation of random- 
ness yields a chi square significant at better 
than the .01 level. 

Table 1 demonstrates 


the trend toward 
decreased 


intake in cubic centimeters of 
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thiamine solution as the concentration of the 
thiamine solution increases by successive log 
units. Table 1 is based on data for ten animals, 
five in the control, five in the experimental 
groups. This combining of groups is valid, 
since the animals have had no differential 
treatment yet. In preliminary tests on four 
pairs of animals, using our concentration 3 and 
moving successively higher up to 1 per cent, 
a marked decrease in intake occurred. 


TABLE 1 m 
Average Intake of Thiamine for Four-Day Perio 
for Five Concentrations of Thiamine 


CONCENTRATION INTAKE, IN CC. 


16.67 
19.01 
16.53 
11.50 

5.23 


Ur wWhoe 


TABLE 2 : 
Ratio of Thiamine Intake to Total Fluid Intake f0 
All Concentrations 


i = EXPERI- | conTROL 
tration | MENTAL bal 
Before injection 1 0.45 ee 
2 0.54 re 
3 0.44 0 
4 0.37 o 
5 0.15 ny 
Mean | °0.39 | © 
After injection 1 0.56 ie 
2 0.49 a 
3 0.31 | 0- 35 
4 0.39 | 0. aa 
5 0.15 | O 35 
Mean 0.38 0. 


Table 2 shows our intake figures converted 
into ratios of thiamine intake in cubic cent 
meters over total fluid intake. This analys! 
suggests that the nondeficient animals tender 
to choose proportionally less thiamine in t ith 
total fluid intake with extended contact e 
thiamine as a choice (13 per cent less) r Wa 
deficient animals maintained their thiam! 
intake. No optimum concentration 
thiamine intake could be established. was 

While no significant treatment effect pa 
found, an analysis of variance for an 1? ion 
action effect of treatment and concentrat 
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was highly significant. The F for concen- 
tration by treatment was 23.382 with 4 and 
40 df, significant at better than the .01 level. 

This result indicates that any specifically 
adaptive increase in intake of thiamine due to 
deficiency is connected closely with the con- 
centration of thiamine offered. In the light of 
this statistical result, we may note that the 
experimental group begins to take consistently 
more thiamine than does the control group at 
our two highest concentrations. 

Table 3 shows the difference in intake of the 
five concentrations between the experimental 
period (after injections) and the control period 
(before injections) for both groups. The 
difference between the experimental and con- 
trol groups in the two highest concentration 
groups is more reliable from day to day and 


TABLE 3 


Average Differences between Intake in Cubic 
Centimeters of Thiamine for Four-Day 
Period before and after Injections 


(Postinjection Intake Minus Preinjection Intake) 


concesteation [FXPERMIENTAL| Cogg" [PN coston 
1 2.65 3.80 —1.15 
2 11.94 —3.75 15.69 
3 0.94 6.10 —5.16 
4 10.54 8.86 1.68 
5 4.60 —0.62 5.22 
Mean 6.13 2.88 3.26 


for concentration 5 is proportionally a much 
larger difference, since the intake of thiamine 
18 already so low. Animals in the subgroups 
for concentration 5 show the most stable water 
and thiamine preferences of all five groups. 


DISCUSSION 


The results suggest that intake of thiamine, 
Unlike that of sucrose and salt, exhibits no 
Concentration of optimum intake. When dis- 
Ctiminated from water, thiamine seems to be 
‘ss preferred; then, as thiamine concentration 
creases, rats take less and less. 

While our experiments differ somewhat from 

Ose of Scott and his co-workers, an ex- 
amination of the data of Scott and Verney 
Shows much in common with our data. Al- 
though our concentrations cannot be equated, 
Since they used thiamine mixed in food and 
We used it in solution, still their deficient 
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animals surpassed their control animals, as 
in our results, only at the higher concentra- 
tions; Scott and Verney’s control animals, 
like ours, decreased their thiamine intake with 
prolonged contact with thiamine. Our results 
indicate that deficient animals do not show 
this decrease in intake even when habituation 
is controlled. 

Our results do not show that deficient 
animals drink exclusively from the thiamine 
bottle after 1 to 2 days of contact with 
thiamine. Scott and Quint report such selective 
behavior for their thiamine-food mixture. We 
were unable to find any significant trend effects 
with time in our free-intake experiment. 

The significant concentration by treatment 
interaction found in the intake experiment 
suggests that taste and/or immediacy of effect 
may be operative since discrimination of 
thiamine and biological response are enhanced 
at higher concentrations. The effect of height- 
ened activity during deficiency cannot account 
alone for such an interaction. 

The results in the Skinner-box experiment 
using a thiamine concentration of .0025 per 
cent (concentration 2 of the intake experiment) 
are difficult to interpret in accord with any 
single theory available. The rate of bar pressing 
by deficient animals surpasses the rate of the 
control animals within the first hour. Barring 
the very unlikely notion that deficient animals 
take more fluid than do healthy animals, we 
are forced to conclude that the learned “effect” 
of thiamine intake occurs more quickly than 
the earliest measured physiological effects of 
thiamine. This is not impossible, but it is 
somewhat disquieting. Despite the results in 
the activity wheel referred to above, the 
author does not wish to rule out the parsimoni- 
ous hypothesis of increased activity in 
deficiency suggested by Wald and Jackson (4). 
Higher activity rates of deficient animals 
could produce the results we obtained in the 
Skinner-box experiment. Our own activity 
wheel results, for a sample of 20 animals, do 
not confirm this hypothesis, but are not suf- 
ficiently reliable to eliminate the activity 


hypothesis as an explanation. 


SUMMARY AND CONCLUSIONS 


Two experiments are described, a Skinner- 
box and a “free-intake’”’ experiment. In both 
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experiments the behavior of rats deficient in 
thiamine is compared with the behavior of 
normal rats in the presence of thiamine. 

The Skinner-box experiment with thiamine 
solution as reinforcement results in more 
responses by deficient rats than by normal rats. 
This difference appears to be significant during 
the first hour in the Skinner box, and there- 
after the rates of the two groups tend to 
merge. The immediacy of the effect suggests 
that activity-level differences alone might 
account for this result. The inadequacy of 
activity level as a full explanation, however, 
is noted for free-intake phenomena. 

Under free-intake conditions, offering a 
choice of distilled water and one of five 
thiamine concentrations in solutions, the 
following results are obtained: 

1. Rats generally prefer water to thiamine 
when the thiamine concentration is .0025 
per cent or greater. With increasing contact 
with thiamine, the preference becomes more 
marked and extends to lower concentrations. 

2. Independent of need for thiamine, the 
curve of thiamine intake shows decline in 
absolute intake of thiamine with increase in 
concentration. 
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3. Statistical analysis of thiamine-intake 
figures at thiamine concentrations .25, .025, 
.0025, .00025, and .000025 per cent indicate: 
(a) there is no simple effect of thiamine de- 
ficiency on thiamine intake; (b) there is no 
significant difference in temporal pattern of 
thiamine intake with habituation by deficient 
and normal rats; and (c) there is a significant 
interaction effect of nutritional condition 
and thiamine concentration on intake of 
thiamine which seems to appear at our two 
highest concentrations. 
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THE EFFECT OF AUDIOGENIC CONVULSIONS ON A CONDITIONED 
EMOTIONAL RESPONSE 


JOSEPH V. BRADY, WILLIAM C. STEBBINS, Ann ROBERT GALAMBOS 
Army Medical Service Graduate School 


Previous research by Hunt and Brady 
(1, 2) has demonstrated that a conditioned 
emotional response (CER) of the “fear” or 
anxiety” type can be virtually eliminated or 
markedly reduced in strength by a series of 21 
electroconvulsive shocks (ECS). This effect of 
ECS upon the CER is markedly attenuated, 
however, when the convulsion is prevented by 
ether anesthesia just before administration of 
the electroshock treatment (+). This finding 
Points to the convulsion as a necessary condi- 
tion for reducing the strength of the CER. The 
Present experiment investigates the possibility 
that the convulsion alone without electroshock 
may be a sufficient condition for reducing the 
Strength of the CER. Specifically, the present 
experiment tests the effect of a series of audio- 
genic convulsions upon the retention of a 
Previously conditioned emotional response. 


METHOD 
Subjects 


_ Eighteen male albino rats, 60 days old at the be- 
Binning of the experiment, served as Ss. 


Emotional Conditioning Procedure 


The CER was established in Skinner boxes according 

s the procedure previously described by Hunt and 
rady (2). In brief, the animals were first trained to 
Produce a stable output of lever-pressing responses for 
= aperiodic water reward. Every animal then received 
emotional conditioning trials, each consisting of a 
ites presentation of a clicking noise (the conditioned 
feet) terminated contiguously with two momen- 
ee painful electric shocks (approximately 1.5 ma.) 
th he feet (unconditioned stimulus), delivered through 
Je grill floor of the apparatus. Most of these condi- 
aguing trials were spaced several days apart, with 
aptation runs intervening; only one trial was given 
of any one day in order to minimize the development 
y% Beneralized fear reactions to the apparatus. Records 
Sen kept of the lever-pressing output for the first, 
legend, and third 3-min, segments of the daily 9-min. 
t €r-pressing trials. For all conditioning and retention 
sts, the clicker was introduced at the beginning of 
ihe fourth minute, and the unconditioned shock stimu- 
sae if given, was introduced at the end of the sixth 
a inute when the clicker was turned off. The conditioned 
motional response in this situation develops as a 


marked reduction or complete cessation in lever press- 
ing, usually accompanied by defecation, during pres- 
entation of the clicker. 


Audiogenic Seizure Procedure 


Twenty-four hours after the sixth emotional condi- 
tioning trial, the auditory stimulus was presented for 
the first time to each animal. The Ss were housed in 
a small metal box (9 in. by 6 in. by 5 in.) with a 
hardware-cloth top. The box was fastened an inch or 
so beneath a row of small, hard steel strips cut to re- 
semble keys and suspended by steel wires from a steel 
bar measuring 7 in. by 1 in. by }¢ in. This bar and 
“key” assembly, driven back and forth by a }{2-hp, 
1745-rpm electric motor, produced an intense auditory 
stimulus resembling “jingling keys.” Each animal was 
subjected to 2 min. of such stimulation on each trial. 

Beginning on the day following the last emotional 
conditioning trial, and continuing for 42 days, all 18 
animals received auditory stimulation once every other 
day. Then, 4 days after completion of this initial series 
of 21 exposures, all animals received stimulation once 
every day for 15 additional days, giving a total of 36 
exposures. The incidence of full-blown tonic-clonic 
convulsions and/or running fits produced by these 
exposures was recorded for each animal. 


Retention Test Procedure 


On the third day after completion of the first series 
of 21 exposures to the key-jingling stimulus, all animals 
were tested for retention of the conditioned emotional 
a single unreinforced presentation of the 
us during the daily Skinner-box run 
(test 1). Then, on the third day after completion of the 
second series of 15 exposures a second retention test 
was conducted (test 2). 

All animals were maintained on a 23-hr. water 
deprivation schedule during both conditioning and 
retention test periods, but had free access to food and 
water in their home cages during the audiogenic 


stimulation period. 


response by 
clicker stimul 


RESULTS 


ses of convenience in summarizing 
f this experiment, the 18 animals 
o three groups based 
induced 
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group III (4 animals) no animal had any 
convulsions. 

Table 1 shows the course of the CER and 
the incidence of audiogenic convulsions for 
each of the three groups throughout the 
critical stages of the experiment. The “inflec- 
tion ratio” in columns 1, 2, 4, and 7 is the only 
measure that requires explanation. It indicates 
how much and in which direction the clicker, 
during the second 3 min. of the trial, changes 
the output of lever responses (see reference 3 
for a more complete discussion). It expresses 
the difference in output between the first 
and second 3-min. segments of the lever- 
pressing curve as a fraction (percentage in 


convulsions for each of the three groups during 
the 42-day series of alternate-day audiogenic 
stimulus exposure. Inspection of the data for 
all 18 animals revealed a complete spectrum of 
susceptibility; some animals in group I con- 
vulsed on almost every exposure, while others 
in group III never had convulsions under any 
circumstances. Column 4 shows the results of 
the first retention test; all three groups retained 
a very strong CER. Apparently, this first 
series of 21 audiogenic exposures produced no 
significant change in the strength of the CER 
in any of the three groups. 

Column 5 shows the incidence of convulsions 
in all three groups during the second series of 


. TABLE 1 
The Effect of Audiogenic Convulsions on the Conditioned Emotional Response in Groups I, II, and HI 
1 2 3 4 $ | 6 7 
| ALTERNATE 
1ST EMOTIONAL | 6TH EMOTIONAL DAY DAILY | 2ND 
CONDITIONING CONDITIONING AUDIOGENIC | !ST RETENTION | AUDIOGENIC ROTA, “TION 
GROUP NO. TRIAL | TRIAL SERIES TEST SERIES AUDIOGENIC BELEN N 
| (42 days) (15 days) seama = 
Mean | Mean Mean Me — 
Inflection Inflection Number of Inflection Mets mean n 
h ry r N n 
Ratios | Ratios Convulsions Ratios EnA EEA Tato 
I +.06 | 1.00 20 —.93 23 | a3 +.08 
II +.03 —1.00 8 — .96 5 13 — 39 
1I +.01 —1.00 0 =% | 0 0 — 97 


decimal form) of the output during the first 
3-min. segment. (The inflection ratio is ex- 


pressed by the formula 


, where A is the 


number of lever responses made during the 
first, and B is the number made during the 
second 3-min. segment of the curve.) Complete 
cessation of lever pressing during the clicker 
(or second 3 min. of the curve) would appear 
as a ratio of —1.00, essentially unchanged 
output as a ratio of around 0.00, and a 100 per 
cent increase as a ratio of +1.00. 

The sharp drop from values around 0.00 
(col. 1, Table 1) to a value of — 1.00 (col. 2, 
Table 1) between the first and sixth condi- 
tioning trials reflects the development of the 
CER in all three groups. A concurrent increase 
in the stool count, taken during the 3-min. 
clicker presentation between the first and sixth 
conditioning trials also reflects this condi- 
tioning. Column 3 shows the incidence of 


15 daily exposures to the audiogenic stimulus. 
Again, the same spectral pattern of suscepti- 
bility observed during the first series of audio- 
genic exposures was apparent upon inspection 
of the data for all 18 animals. Column 6 shows 
the sum total of convulsions for all three 
groups on both the initial (alternate-day) ar 
the second (daily) series of audiogenic €x- 
posures. The spectrum of susceptibility ws 
again clearly evident, with the animals 1m 
group I showing 30 or more full-blown tonic- 
clonic convulsions and the animals in group 
II showing neither a convulsion nor a running 
fit on any occasion throughout the experiment- 
In Column 7, the results of the second re- 
tention test are shown. For the animals © 
group I, both the inflection ratios and sto 
counts indicate virtual elimination of the 
CER. A marked reduction in the strength of 
the CER is also apparent in group II, and this 
reduction is directly related to the incidence 
of audiogenic convulsions. Finally, no chang? 


AUDIOGENIC CONVULSION EFFECTS ON EMOTIONAL RESPONSE 


in the strength of the CER can be observed 
in the animals of group III. 

A rank-order correlation analysis of the 
magnitude of the decrease in the inflection 
ratio between test 1 and test 2 for each of the 
18 animals and the total number of audiogenic 
convulsions for each of the 18 animals, yields 
a coefficient of +.89. In addition, a rank-order 
correlation coefficient of +.85 was obtained 
between the number of audiogenic convulsions 
for each of the 18 animals during the second 
series of daily exposures and the decrease in 
the magnitude of the inflection ratio for each 
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through the first retention test. The decrease 
in the strength of the CER on the second 
retention test for the group with 30 or more 
convulsions is highly significant, h 

ow 
(.01 level of confidence). Š f AR 


DISCUSSION AND CONCLUSIONS 


The results of this experiment indicate quite 
clearly that a series of audiogenic convulsions 
can have the immediate effect of diminishing, 
or virtually eliminating, a conditioned read 
tional response established prior to the con- 
vulsive experience. The essential similarity 
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een test 1 and test 2. 
are highly sig- 
). The distribu- 


of the 18 animals betw 
Both correlation coefficients 
nificant (.01 level of confidence 
tion of stools throughout the groups on these 
tests also tends to confirm the direction of this 
change in the strength of the CER. 

Figure 1 represents in graphic form the 
Tesults obtained by comparing mean inflection 
Tatiog throughout the critical stages of the 
€xperiment for the four animals with 30 or 
More convulsions (group I) and the four 
animals with no convulsions (group III). It 
will be seen that there is no significant differ- 
ence between these two groups of animals up 
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s on the conditioned emotional response 


between these changes in the CER and those 
following electroconvulsive shock (1, 2) sug- 
gests that some event, or events, related to the 
convulsive process per se is sufficient to 
attenuate or abolish the conditioned emotional 
response. In addition, the finding that electro- 
shock alone without convulsion (4) and that 
auditory stimulation alone (vide supra) pro- 
duce little if any change in the CER would 
seem to indicate that the convulsion may be 
characterized as both a necessary and sufficient 
condition for reducing the strength of the CER. 
The main point, however, is clear: convulsions 
of two different origins can produce essentially 
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the same effect upon the conditioned emotional 
response. 

The results of this experiment, however, 
are not completely consistent with the re- 
ported effects of electroconvulsive shock upon 
the conditioned emotional response. The ECS 
experiments (1, 2) have indicated quite clearly 
that a series of 21 electrically induced con- 
vulsions is sufficient to produce a significant 
reduction in the strength of the CER. In the 
present experiment, however, the initial series 
of up to 21 audiogenic convulsions produced 
little or no significant change in the strength 
of the CER (see col. 3 and 4, Table 1 above). 

At least two possible explanations for this 
discrepancy present themselves. First, it may 
be that the audiogenic convulsions are less 
potent than the ECS convulsions so that their 
effect does not appear unless the CER is weak 
enough to be at a critical threshold value for 
the given amount of treatment. The data of 
this experiment could be accounted for within 
this framework by assuming that the first 21 
audiogenic exposures, plus the one extinction 
trial of test 1, weakened the CER to such an 
extent that the second series of convulsions 
could virtually eliminate the response. A 
second possible explanation would be that the 
temporal distribution of the convulsive treat- 
ments may constitute a critical factor in pro- 
ducing the change in the CER. In the ECS ex- 
periments, the 21 convulsions were induced 
over a 7-day period, requiring the administra- 
tion of 3 treatments per day. In the present 
experiment, the first 21 convulsions were 
induced over a 42-day period, 1 every other 
day. Within the framework of this second 
explanation, the reduction in the strength of 
the CER following the complete series of 
audiogenic convulsions in the present experi- 
ment would be accounted for by the change 
from the less intensive schedule of 1 treatment 
every other day for 42 days to the more in- 
tensive regimen of 1 treatment per day for 
15 days. 

In order to provide some information as to 
which of these two possible explanations best 
accounts for the data, a control experiment was 
performed. The conditioned emotional re- 
sponse was established in six rats according to 
precisely the same procedure followed in the 


main experiment. Twenty-four hours after the 
sixth conditioning trial, all animals began a 
series of 21 electroconvulsive shock treatments 
administered 1 every other day for 42 days. 
Although some diminution in the strength of 
the CER was apparent in three of the six 
animals during a retention test conducted on 
the third day after completion of the treat- 
ments, a strong response survived the 21 con- 
vulsions in all animals (the mean inflection 
ratio for the group on this retention test 
was —.90). s 
The results of this control experiment indi- 
cate quite clearly that a series of 21 ECS 
treatments administered on alternate days 
over a 42-day period produces considerably 
less effect upon the CER than the same series 
of 21 treatments concentrated in a 7-day 
period. Thus, it would appear that the dis- 
crepancy between the results obtained with 21 
audiogenic convulsions and those reported 
with 21 ECS convulsions may well be ac- 
counted for in terms of the difference in 
temporal distribution of the treatments with- 
out positing any essential difference in the 
potency of ECS and audiogenic convulsions. 


SUMMARY 


The present experiment investigates the 
effects of a series of audiogenic convulsions 0n 
a conditioned emotional response of the 
“fear” or “anxiety” type. After the emotional 
response had been established in 18 male 
albino rats, all animals received 36 2-min- 
exposures to an intense auditory “key- 
jingling” stimulus. Retention tests following 
these exposures revealed virtual elimination 
of the conditioned emotional response in those 
animals showing a high incidence of convulsive 
reactions to the audiogenic stimulation. In 
contrast, those animals which did not convulse 
in response to the “key-jingling”’ stimulation 
at any time during the experiment showed com- 
plete retention of the conditioned emotional 
response. 
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Earlier experiments in this series have 
demonstrated that 21 electroconvulsive shocks 
(ECS), given 3 per day for seven days, have 
the immediate effect of attenuating a con- 
ditioned emotional response (CER) of the 
“anxiety” or “fear” type (3, 5). The at- 
tenuating effect of ECS is temporary, however 
(1). This may be attributable, at least in part, 
to the dissipation with time of those physio- 
logical consequences of the convulsions which 
are responsible for the attenuation of the CER. 
But other data suggest that the CER itself 
increases in symptomatic strength with rest 
and/or elapsed time (2). Thus, the CER in 
untreated control animals becomes more 
resistant to experimental extinction (by non- 
reinforcement) if the extinction is postponed 
for a month or more after conditioning. 
Furthermore, the CER also becomes more 
resistant to attenuation by ECS if the treat- 
ment is similarly postponed. 

Changes in the symptomatic strength of the 
CER with elapsed time and/or rest probably 
contribute somewhat to the posttreatment 
recovery of the CER. Post-ECS experimental 
extinction, which presumably has a direct 
decremental effect upon the CER itself as a 
habit, prevents this posttreatment reap- 
pearance of the response (6). 

The present experiments were intended to 
determine whether “additional” ECS (ECS,), 
in an amount which by itself ordinarily has 
little or no noticeable or immediate effect on 
the CER, will prevent the posttreatment 
recovery of the CER (Experiment I) or make 
the CER less resistant to delayed treatment 
with a more intensive series of ECS (Experi- 
ment IT). The “additional” convulsions, unlike 
experimental extinction, should either augment 
or prolong the effects of an intensive series of 
21 ECS or otherwise prevent the usual post- 
treatment recovery of the CER. And the 
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“additional” convulsions, if given over a 
period of days prior to delayed intensive 
treatment, should counteract the usual increase 
in symptomatic strength of the CER which 
normally occurs with time. If so, the more 
intensive series of 21 ECS given a month or 
more after conditioning should attenuate the 
CER in those animals that also received 
“additional” convulsions. 


EXPERIMENT I 


The Effect of “Additional” ECS on the Post- 
treatment Recovery of the CER 
Method 


Subjects. Thirty naive, male, albino rats, 60 days 
old at the beginning of the experiment, served as Se 

Emotional conditioning procedure. The conditione 
emotional response (CER) was established in Skinner 
boxes in accordance with our standard procedure 
(5, 6). In brief, all animals were trained in lever pressing 
until they showed a stable output of lever responses 
for an aperiodic water reward. Then all animals 1 
ceived a total of eight emotional conditioning tia! 
each consisting of a 3-min. presentation of a clicking 
noise (as the CS) terminated contiguously with ur 
momentary electric shocks to the feet (approximate A 
1.5 ma.) as the unconditioned stimulus, deliver 
through the grill floor of the Skinner box. Most of the 
conditioning runs were spaced several days appn? 
only one conditioning trial was given on any one © of 
On the intervening days the animals had “adaptation 
runs during which neither the clicker nor the aioe 
Was presented. This method minimizes the develop™e” 
of generalized fear reactions to the apparatus aE 
allows the CER to appear more clearly as a plateau o 
dip in the cumulative curve recording the output Sa 
lever-pressing responses. This reduction Or csao 
in lever pressing during presentation of the ca face 
stitutes the CER; it is usually associated with dete 
tion during that run in the apparatus. f the 

The animals had daily 9-min. runs. A record oF the 
total number of lever responses made by the end 0 ch 
third, sixth, and ninth minutes of each run by ee 
animal was kept. On conditioning days, the cs and 
introduced at the beginning of the fourth minute at 
terminated contiguously with the UCS (shocks one 
the end of the sixth. Presentation of the CS # 
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during the second 3-min. segment of a run tested for 
retention of the CER after treatment. 

The inflection ratio (6) describes the magnitude of 
the CER. Briefly, this ratio expresses the difference in 
output between the second and first 3-min. segments 
of the curve—the effect of presentation of the CS upon 
output of lever responses—as a proportion of the output 
during the first 3-min. segment. If the CS produces no 
change in output, the ratio is 0.00; if the animal has a 
strong CER and makes no lever responses during the 
CS, the ratio is — 1.00; if a strong CER with a ratio of 
—1.00 or —.90 is attenuated, the ratio shifts in the 
positive direction toward 0.00; and so on (see 6). 

Electroconvulsive shock. The ECS apparatus and 
procedure were the same as described previously (3, 5). 
The apparatus delivers 50 to 54 ma. for .18 sec. through 
moistened electrodes clipped to the ears. Two series of 
ECS treatments were employed—the main intensive 
series of 21 ECS, given 3 per day for 7 days, and the 
“additional” ECS (ECS,). ECSa consisted of 15 con- 
vulsions given 1 every other day over a period of 30 
days, beginning on the fourth day after the completion 
of the main series and on the day following the first 
posttreatment retention test (test 1). Animals not 
receiving a particular treatment series received equiva- 
lent pseudo-ECS to control for the effects of handling, 
pinching the ears, and so forth. i , 

Plan of the experiment. After the eighth emotional 
conditioning trial, the animals were divided into groups, 
roughly equated for the strength of the CER as it 
appeared to develop during the conditioning trials, 
and treated as follows: 7 

Group I received ECS; a retention test (test 1), 
ECS,, and a second retention test (test 2) (N = 12). 

Group II received ECS, test 1, pseudo-ECS,, and 
test 2 (N = 6). 

Group III received pseudo-ECS, test 1, ECS,, and 
test 2 (N = 6). 

Group IV received pseudo-ECS, test 1, pseudo- 
ECS,, test 2 (N = 6). _ 

The animals were on a 23-hr. water-deprivation 
schedule at the time of all conditioning and test trials, 
with free access to food in the home cages. During the 
ECS and rest periods, all had free access to both food 
and water. N ` 

All retention tests came on the third day sollowine 
the last preceding ECS and following one day is 
adaptation in the Skinner box. Test 1 thus came on I 
eleventh day after the last conditioning trial. Test 
came on the forty-third day after the last conditioning 
trial, on the thirty-fifth day after the last of the main 
ECS convulsions, and on the thirty-second day after 
test 1. ECS,, the “additional” ECS, began on iie 
twelfth day after the last emotional conditioning trial. 


Results 

Figure 1 shows the mean inflection ratio for 
each group on conditioning trials 1 and 8 
and on both retention tests. The sharp 
negative shift between trials 1 and 8 reflects 
the development of the CER as a result of 
conditioning. The positive shift between trial 
8 and test 1 for groups I and II reflects the 


attenuating effect of the main series of 21 
ECS upon the CER. All but 1 of the 18 
animals in groups I and II showed a positive 
shift in the ratio while none of the 12 in 
groups III and IV departed from a ratio of 
—1.00; this difference is significant (x? = 
22.45, p < .01).1 

The “additional” ECS, by itself, did not 
attenuate the CER in group III, as measured 
by test 2. But the contrast between groups I 
and II in the shifts in inflection ratio between 
tests 1 and 2 shows the effects of ECS, when 
added to the main series of 21 ECS. All 
animals in group II, which received no ECS,, 
showed larger negative inflection ratios on 
test 2 than on test 1. In contrast, all but two 
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of the animals in group I, which did receive 
ECS, in addition to the regular treatment, 
showed shifts in the inflection ratio in the 
positive direction. This difference is significant 
(x? = 8.13, p < .01) and indicates that the 
“additional” ECS acted to prevent the post- 
ECS recovery of the CER. 


EXPERIMENT II 
The Effect of “Additional” ECS on the 
Resistance of the CER to 
Delayed Treatment 
Method 


Subjects. Forty-one naive, male, albino rats, 60 to 


1 All x? values are corrected for discontinuity. 
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90 days old at the beginning of the experiment, served 
as Ss. 

Emotional conditioning procedure. The training in 
lever pressing, emotional conditioning, and testing for 
retention of the CER followed the same procedures 
as in Experiment I, except that the single retention 
test followed conditioning by a much longer interval, 
as indicated below. 

Electroconvulsive shock. The apparatus and procedure 
were as described for Experiment I. The main, intensive 
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the strength of the CER as it appeared to develop 
during the conditioning trials, and treated as follows: 

Group I received ECS,, ECS, and a retention test 
on the fourth day after the last ECS (N = 18). 

Group II received pseudo-ECS,, ECS, and a reten- 
tion test as above (NV = 5). 

Group IIT received ECS,, pseudo-ECS, and the test 
(N = 5). 

Group IV (untreated controls) received pseudo- 
ECSa, pseudo-ECS, and the retention test (V = 5). 


o——— Group I (ECS,, ECS), Ns18 


o— — —2 Group I (Pseudo-ECS,, ECS), Nag 
o—-——-=© Group M (ECS, Pseudo-ECS), Nes 


ECS, Pseudo-ECs), Neg 


{ @-----— @ Group IZ (Pseudo-! 
a o————® Group E (Rest, ECS,, ECS), Ne5 

p \ o—+— + © Group II (Rest, Psoudo-ECS4, ECS), Na3 
2 -254 
T 4 
2 
2 
= 
§ -50 
= 

-75 

-1.00 


ECS, E0S,, 


ECS,, ECS 
Cond. Cond. 8 Psaudo-ECS,, or Pseudo-ECS ~E or heran ae FI 
(AN Groups) (AN Groups) (Groups T-TE) Grous Ein “(croups a 2A) Groupa LAW 
Rest (Groups X @ XI) 
Trials —> 


Fic. 2. The effect of additional ECS upon the resistance of the CER to attenuation by delayed treatment 


series of 21 ECS, given 3 per day for 7 days, began 
either 32 or 62 days after the last conditioning trial. 
The 15 “additional” convulsions, ECS, were given 1 
every other day over the 30 days immediately pre- 
ceding the main series of 21 ECS. ECS, started either 
2 or 32 days after the last conditioning trial. 

Plan of the experiment, Here the main series of 21 
ECS was postponed for a prolonged interval following 
conditioning of the CER. During this interval, some 
of the animals received ECS, to reveal whether the 
“additional” convulsions made the CER less resistant 
to attenuation by the delayed intensive treatment. 

After the eighth emotional conditioning trial, the 
animals were divided into groups, roughly equated for 


Group V rested in the home cages for 32 days, then 
received ECS,, ECS, and the retention test ee 

Group VI rested for 32 days, then received pseudo- 
ECS,, ECS, and the retention test (V = 3). 

The first four groups provide the main data for the 
experiment; groups V and VI are supplementary n 
that they were included to find out whether a prolong 
rest period in the home cages prior to ECS, WOU 
markedly alter the effects of the “additional” cor- 
vulsions. 

All animals were on 23-hr. water deprivation for oo 
conditioning runs and retention test, with free access 
to food in the home cages. All animals had free acces 
to water, as well, during the rest and treatment periods. 
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Resulis 


Figure 2 shows the mean inflection ratios 
for each group for conditioning trials 1 and 8 
and for the retention test. The sharp negative 
shift in the ratios from trial 1 to trial 8 reflects 
the development of the CER. The attenuating 
effect of ECS, added to ECS appears clearly 
as a substantial positive shift in the mean 
ratios between conditioning trial 8 and the 
retention test for group I. All animals in this 
group showed attenuation in the CER, with 
the smallest shift being from —1.00 to —.66 
and the largest from — 1.00 to +.29. Three of 
the animals receiving ECS only (group II) 
and one of the group II animals (ECS, 
only) showed positive shifts, all of lesser 
magnitude. The difference between group I 
and group III in frequency of positive shifts is 
Significant (x? = 12.31, $ < .01), indicating 
that ECS plus ECS, had more effect than 
ECS, alone. Similarly, the significant dif- 
ference between groups I and II in number of 
Positive shifts indicates that ECS plus ECS, 
had more effect than ECS alone (x2 = 3.65, 


b < .05). In this last instance, the outcome of 


Experiment I provides the hypothesis that 
e-tailed” test of 


justifies the use of a “on e 
significance (7). And the difference m frequency 
of positive shifts in the inflection ratio be- 
tween group I and groups II and il com- 
bined, from trial 8 to the test, 15 highly 
significant (x? = 10.41, p < -01). 

The supplementary data provided by groups 
V and VI suggest quite strongly that a com- 
paratively long rest period prior to ECS, does 
not materially alter the effects of the “ad- 
ditional” convulsions. 

As expected, the unt 
of group IV showed no a 
from trial 8 to the test. 


reated control animals 
ttenuation in the CER 


DISCUSSION 


B eriments yielded the expected 
Te “Additional” ECS (ECS,) following 
the intensive series of convulsions prevented 
the recovery or reappearance of the CER in 
Experiment I. Similarly, animals given ad- 
ditional” ECS prior to delayed meae 
treatment clearly showed attenuation 1n the 
CER after the intensive series In Experiment 


II. Both ECS and ECS, were required to 
produce these effects clearly; neither series of 
convulsions alone sufficed. 

In Experiment I, the “additional” con- 
vulsions were spread out over most of the 
35-day period between the intensive ECS and 
test 2, which tested for recovery of the CER. 
In this instance, ECS, could have produced its 
effects in several ways, singly or in combina- 
tion. The ECS, could have prolonged or 
otherwise prevented the dissipation of those 
physiological consequences of the intensive 
ECS responsible for the initial attenuation of 
the CER on test 1. Or the ECS,, thus dispersed, 
could have interfered with the increase in 
strength of the CER which usually develops 
with rest and/or elapsed time and which may 
be responsible for the normal post-ECS 
recovery of the CER. Or the CER may not 
have reappeared in those animals given both 
ECS and ECS, simply because they received 
more convulsions. 

The data from Experiment II, in which 
ECS, made the CER less resistant to delayed 
intensive treatment, suggest strongly that the 
ECS, did interfere with the increase in strength 
of the CER. The intensive ECS, starting 32 
days after conditioning, presumably would not 
have been able to attenuate the CER if the 
response had increased in strength materially 
during the interval. 

Beyond this point, however, the data are 
indecisive. Further experimentation will be 
required to show whether ECS, in Experi- 
ment I, also could have prolonged directly the 
effect of the intensive series of convulsions, 
Similarly, some possibility remains that the 
CER’s in both experiments were attenuated 
more effectively by the combination of ECS 
and ECS, largely because the animals received 
more convulsions. This seems somewhat un- 
likely; however. Convulsions given only on 
alternate days have comparatively little effect 
on CER’s as strong as those used here. The 
ECS, alone did not produce any significant 
attenuation in these experiments. Further, in 
another experiment, a series of 21 ECS, given 
1 every other day, produced only the slightest 
attenuation ina CER based on six conditioning 
trials, as compared with the eight-trial CER 
used here (4). 
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The data from earlier research (1, 2) plus 
the data presented here suggest that the 
“additional” convulsions produced a somewhat 
more substantial effect on the CER than one 
would expect 15 convulsions, given 1 every 
other day, to have by virtue of their number 
alone. After all, the post-ECS recovery of the 
CER represents an overriding of the effect of 
21 convulsions, given 3 per day for seven days. 
Similarly, the CER a month after conditioning 
effectively resists attenuation by 21 ECS given 
according to this same intensive schedule. 
Thus, pending completion of current research 
on the effect of massed and distributed ECS, it 
seems reasonable to suggest tentatively that 
the “additional” convulsions produced their 
effect in substantial part by interfering with 
the increase in strength of the CER which 
normally develops as a function of rest and/or 
elapsed time. 


CONCLUSIONS 


1. “Additional” convulsions, given after 
the intensive series of 21 ECS, prevented the 
post-ECS recovery of the CER. 

2. “Additional” convulsions prior to delayed 
intensive ECS made the CER less resistant to 
attenuation by the delayed treatment. 

3. The data Suggest, tentatively, that the 
“additional” convulsions produced these effects 


in part by interfering with the increase in 
strength of the CER which normally occurs as 
a function of rest and/or elapsed time. 
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EFFECTS OF ELECTROCONVULSIVE SHOCKS ON WILDNESS AND 
SAVAGENESS IN FERAL RATS! 


CALVIN P. STONE 
Stanford University 


The purpose of this investigation was to 
survey the immediate and cumulative effects 
of electroconvulsive shocks (ECS) on wild 
and savage behavior of feral rats, trapped as 
adults and subjected to ECS without sys- 
tematic taming. : 

Earlier experiments in this laboratory 
showed that certain types of innate behavior 
in albino rats, such as nesting by males and 
females (4, 5) and parental behavior in 
Parturient females (3), are abruptly altered by 
a short course of ECS. These effects are more 
clear-cut and universal than any reported on 
learning or postconvulsion performance of 
maze and discrimination habits that have 
come to our attention. 

Although frequent mention has been made 
of emotional disturbances in rats receiving 
ECS, the behavior cited is usually mild; 
ofttimes it could be classified more specifically 
as startle, body tenseness, irritability, pug- 
nacity, or phobic avoidance of situations, 
without doing any injustice to the con- 
ventional meanings of these terms. Therefore, 
it may be possible to advance the frontier of 
knowledge on emotional behavior somewhat by 
making ECS in feral rats the object of study. 
In them the bodily expressions of timidity, 
Wildness, and savageness are writ large if 
examined prior to systematic taming (5, 7). 


SUBJECTS 


In all, 60 rats were trapped in a granary near Palo 
Alto, California, When they entered the room at night 
to feed, they were shunted into a retaining cage with- 
Cut handling. This cage was transported to the psy- 
Chology laboratory where each rat was caught by 
gloved hands and transferred to an escape-proof metal 
Cage, 3 or 4 rats to the unit. Five of the 60 were judged 
to be less than two months old, as indicated by shape 
of snout and length of tail; the others represented all 


l This study was fini d by a grant from the 
¥ y was ance y y 
Cottish Rite Dementia Praecox Research Fund, New 
York City, to which grateful acknowledgement E 
made, I am indebted to Drs. Irwin N. Katz pooner 
Porter, and Donald W. Taylor for technical assistance 
1n several phases of the study. 


ages from early adult to middle age as judged by tail 
length, body conformation, and rigidity of the bones 
and cartilage of the chest. All became somewhat 
gaunt during the first week, probably because of in- 
experience with water bottles, an unfamiliar diet of 
Purina Dog Chow, and confinement with strange, 
bellicose rats in cages that afforded little opportunity 
for escape from aggressors. During the first week their 
cages were approached by us only as necessary to fill 
water bottles and supply food. 


RESULTS 
Opisthotonus in Convulsions 


Motion pictures of convulsions in tame 
albino rats usually show, on release of the 
electrical discharge, a momentary stiffening of 
all limbs which “bounces” the animal slightly 
into the air. Then characteristically follows 
momentary limb flexion in which the four legs 
are “tucked” down against the abdomen, and 
the animal topples over on one side; the 
mandible is pressed against the neck; and the 
back is arched dorsally. Next, the limbs are 
gradually extended so as to present a ‘‘jack- 
knife” posture. They may remain more or less 
rigid and perpendicular to the body axis for a 
few seconds or be extended backward gradually 
and stiffly until the forelegs lie against the 
abdomen and the hind legs extend rigidly to 
the rear of the body. During the backward 

hind limbs there is vigorous 
f dorsal muscles of the back which 
continues until a slight ventral bowing of the 
spine is apparent. This final posture, which 
sometimes appears in man during convulsions, 
is called opisthotonus. 

During the preliminary study of ECS in 
feral rats, opisthotonus was rarely seen. In this 
respect their convulsions frequently differed 
from those of the albino rats. To quantify the 
difference, the following tests were made. Ten 
feral rats, five of each sex, were matched for 
weight and sex with similar numbers of 
albinos. Beginning on the sixth day after the 
feral rats were trapped (second time of 
handling), a course of ECS was begun in 


extension of 
contraction 0: 
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which each feral rat received one convulsive 
shock on ten consecutive days. Convulsions 
were induced by a current of 45 ma., applied 
for .2 sec. through electrodes attached to the 
ears. The albinos were similarly treated. One 
trained observer, in addition to the author, 
who handled the animals, made notes on the 
physical patterns of convulsions. In a few 
instances motion pictures were made for 
lemental study. 

ae? 100 conus in ten feral rats, only 38 
per cent showed the characteristic opisthotonus 
as compared with 78 per cent for 100 con- 
vulsions in the ten albino rats. Seven of the 
ten feral rats (five males and two females) 
never assumed this posture, as compared with 
two of the domestic albinos (one of each sex). 
There was no clear-cut change in frequency of 
opisthotonus between the first and the last of 
the ten shocks in either group. Moreover, 
subsequent study of feral rats in other experi- 
ments has not indicated any change in the 
likelihood of its occurrence in the course of one 
daily shock for 20 days, 

We do not have a satisfactory explanation 
for the difference between feral and domestic 
strains in frequency of opisthotonus. However, 
without suggesting essential similarity in 
causal factors, the study of Maier and Glaser 
(2) is worthy of recall here. They reported 
that a period of “dousing” with or struggling 
in cold tap water greatly reduced the proba- 
bility of convulsions in rats that, soon after- 
ward, were subjected to auditory stimulation. 
Also, Fuller and Rappaport (1) demonstrated 
that cold water (5° C) immersion of a strain 
of mice that was highly susceptible to lethal 
convulsions brought on by auditory stimula- 
tion gave almost complete immunity. By 
varying the experimental procedures they 
showed that lowered body temperature, quite 
probably, was a more important causal factor 
of this immunity than several other variables 
such as wet skin, exhaustion from struggling, 
unpleasant stimulation, and psychological 
agitation from handling. The foregoing and 
the present study have in common a high 
degree of activation of the somatic and also 
the autonomic nervous system just prior to 
application of convulsion-inducing stimuli. 
Whether it is this that Provides the inhibiting 
effect for audiogenic seizures on the one hand 
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and modification of the physical pattern of 
electrically induced convulsions on the other 
has not yet been ascertained. 

Additional experiments with feral rats along 
lines similar to those of Fuller and Rappaport 
and also additional work with feral strains 
that have been reared from birth to maturity 
with sufficient taming to allay timidity, wild- 
ness, savageness, and struggling when under 
manual restraint would seem desirable. Quite 
logically such experiments should precede the 
more time-consuming attempts at genetic 
analyses in which evidence for a fundamental 
hereditary mechanism that could account for 
the obtained difference in opisthotonus 1s 
sought. 


Resumption of Wild and Savage Behavior after 
EGS 


Tests were made with ten feral rats to 
determine how soon the characteristic timid, 
wild, and savage behavior would el 
following an ECS. So ever-ready are oe 
rats to hide, to fend off a would-be captor, an a 
to effect their escape by biting, scratching, an 
lurching that it is reasonable to assume that 
the postshock reappearance of these responses 
will reflect the temporal progress of redintegra- 
tion of emotional syndromes, which mo- 
mentarily are suppressed by ECS: 

Ten wild rats weighing from 250 (f.) to 
475 gm. (m.) were used. These had been in the 
laboratory for five days and handled only once 
prior to being caught for this study. per 
trained assistant, using a one- to three-poin 
scale, rated the behavior of each rat on the 
items of Schedule A, called the “table Pon 
tion.” In all, four ratings were made: one Jus f 
prior to ECS, and the other three at the end o 
the first, second, and fifth minute after ECS. 

All the animals resumed breathing DAOR 
the end of 1 min. postshock. When touche 
with a pencil at the end of minute 1, hy 
usually scrambled to their feet, but did ihe 
hiss, bite, or struggle vigorously to a d 
when held by the tail. Most of them crouche 
and remained immobile on the table aE 
the second minute, if not alerted by contact, Fi 
Sound, or an object moving within the visu 
field. nd 

When grasped firmly by the tail at the ee 
of minute 2, however, all struggled, lay ba 
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SCHEDULE A 


Ratings for Timidity, Wildness, and Savageness; 
Seale, 0-3 


L Handling in home cage of hardware cloth (18 in. by 12 in. by 


a. ( ) running and milling to avoid being caught; biting 


; threatening 

in, struggling when grasped 

) squirming; lurching in hand of E 

) pulls away when held by tail; turns and bites 
) 

I, Manipulation on table top (3 ft. by 4 ft.); held in glove 
ntermittently 


) jumps; lurch juirms 
) doubles up or turns to bite when stroked 
) hisses; open: : squeals when touched on nose 
) snaps at finger held before mouth or nose 
) pulls away when held only by root of tail 


e-covered box (6 ft. by 3 ft. by 18 in.); small blanket 
nd grain sack loo: ing in one corner 
a. () lurches to escape hand when deposited on floor 
b. ( ) runs and dodges to avoid recapture 
c. ( ) squeals hand approaches when 
cornered 
s to cover; goes beneath blanket 


II. Large, wi 


opens jaw: 


ses; 


at t 

e ( ) ns hidden while experimenter is near 

L) —— 
Fic. 1. Responses of feral rats at end of 2-min. pc 


the ears, and bared the teeth; also, they 


usually bit the glove, squealed, or hissed; some 
urinated and defecated (see Fig. 1). When set 
down gently after the second minutes 
handling, all of them immediately ran if free 
to do so and would leap from the table if no 
manual restraint was imposed. If allowed 
their freedom, they leaped to the floor and 
then rapidly ran to a wall of the room, ‘where 
they “froze” against the washboard or ran 
along it as if seeking cover or an opening. 
During the next 3 min. (third to fifth) con- 
siderable variation in the behavior of those 
that were released in the room was noted. 
Some ran if approached; some remained 
“frozen” against the wall; others reared on the 
hind legs in a posture denoting readiness tor 


ystconvulsive shock. E 


vs 
>i 


attack, with forefeet extended to ward off an 
approaching hand and with ears laid back and 
teeth bared. Sometimes there was hissing, 
squealing, biting, urination, and defecation if 
E pursued them into a corner or otherwise 
blocked the avenues of retreat. 

During the next 10 min. (ie sixth to 
fifteenth, postshock) those that were given 
complete freedom in a large room (15 ft. by 
15 ft.) gradually became indistinguishable 
from normal feral rats in responding to £’s 
movements or in the discovery of places of 
concealment in the room (such as a hole in 
the floor, a wall-type radiator, a burlap sack 
loosely arranged on the floor, or a cupboard 
moved slightly away from the wall). 

The postshock observations of tame, albino 
rats under conditions essentially like those for 
the feral rats indicated that they did not 
display the same types of vigorous effort to 
fight or to escape from E during the first 2 


nlargements from 16-mm. film. 


min. as had the feral rats. There was no 
evidence whatever of postconvulsive timidity, 
wildness, or savageness. From the sixth to the 
fifteenth minute they moved about the room 
slowly as if to explore novel objects rather than 
to escape a would-be captor. 

The foregoing experiments indicate roughly 
the speed of recovery of innate responses 
which we presume to be organized (though not 
wholly directed) by the archipallium and 
hypothalamus, as opposed to learned responses 
which, we presume, are organized and directed 
primarily by neocortical centers. Possibly a 
somewhat similar approach with recently 
caught feral rats and thoroughly tamed wild 
strains that have acquired maze or discrimina- 
tion habits might yield illuminating com- 


370 


parative data on speed of recovery of responses 
that are cortically, as opposed to hypo- 
thalamically, organized. 


Cumulative Effects of ECS 

An attempt to appraise the cumulative 
effects of repeated convulsive shocks was made 
with 16 feral rats, half of which received daily 
shocks for 25 consecutive days while the others 
received pseudoshock and a similar type of 
handling. Each of these rats was removed from 
its cage on the fifth day after arrival in the 
laboratory to make a 3-min, motion picture 
that would provide a sample of the wild and 
savage behavior of each animal. No further 
handling occurred until the eighth day after 


SHOCK OR POST 
PSEUDO-SHOCK * SHOCK 
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Fic. 2. Ratings of 8 feral rats undergoing course of 
I and 8 feral controls undergoing pseudoshock and 
similar handling. The calendar dates of ratings are 


shown on the abscissa. On Feb. 21 (indicated by letter 
R) all animals of both groups were released in a large 
room for 4 hr. 


trapping, when the first phase of this study 
began. 

Two graduate students assisted the author. 
Previously they had practiced rating the 
behavior of feral animals that were being put 
through the routine called for in Schedule A 
(vide supra). When possible, values ranging 
from 0 to 3 are assigned to the items of this 
schedule. The 0 denotes tameness of the grade 
displayed by much-handled albino rats, and 
3 the vigorous struggling to escape, Vicious 
pugnacity, or cowering and concealment 
efforts shown by feral rats. The two observers 
in this study agreed closely on values assigned 
to what they could observe equally well, but 
because of the unpredictability of a wild rat's 
movements the two were not always w 


atching 
the same details. 


For this reason incomplete 
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records on the part of both observers were the 
rule. However, it became apparent that our 
needs could be served adequately by having 
each observer make a “global” appraisal of the 
rating sheet for each animal, giving it a value 
ranging from 0 to 5. The 0 described the 
records of a tame, albino rat, and the 5 that 
of the wildest, fiercest feral animal in the 
group. ’ 

Group means* based on the average ol 
these “global” ratings provide the data tor 
Figure 2. There was a small drop in the mean 
of ratings of both groups in the preshock 
period. This decline continued in the non- 
shock group, but not in the convulsed group- 
On the eighteenth day of the study (Feb. 21, 
on the abscissa calendar) an innovation was 
introduced. Both groups were released in @ 
large, poorly lighted attic room with floor 
space of about 300 sq. ft. They were free t0 
seek shadows and crannies for concealment, OT 
sills and girders over which to climb from floor 
to roof. They were left in this room undisturbed 
for a 4-hr. period. Then all were caught 
manually and returned to their proper cages- 
Catching the animals involved a considerable 
amount of commotion because most of them 
had to be pursued, cornered, and seized, or 
pulled from a hiding place. During recapture 
no readily observed difference was noted 
between nonshocked and shocked animals. This 
finding was not altogether surprising, for 
previous studies had shown that initial taming 
effects in feral rats are “situational” only, and 
that, when given their freedom for a short 
time, they quickly revert to type (5). This 
accounts for the rise in mean value for the 
controls for a few rating periods following the 
large-room experience, 

The mean of the convulsed group ceased to 
decline soon after the inauguration of EC oa 
and thereafter fluctuated only within narrow 
limits during the following days of the study- 
Release of these animals in the large paisi 
produced little effect on their mean scores- 


* Because of the small number of cases involved in 
this part of the study it seems appropriate to emphasiz 
only the trend of result 
ences in cach group are 
of shock and for pos 
O35 level; for the individual day: 
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Furthermore, to our surprise, there was no 
decline in the mean scores of the convulsed 
group during the postconvulsive period. 
Several speculations might be advanced to 
account for the absence of “pseudotaming” in 
the shock group: (a) It might be attributable 
to increased tension and irritability caused by 
ECS, akin to what is sometimes seen in milder 
form in convulsed, albino rats and evidenced 
by tensing of the body when they are grasped 
or by the fighting of cagemates; if so, the 
behavior was more general and more extreme 
in feral rats than that ever reported for tame 
rats. (b) It might also denote that the con- 
vulsive animals have an intensified aversion to 
being handled; they may experience some pain 
and discomfort (which are normal aftermaths 
of convulsive shocks in man) in the manipula- 
tions required by Schedule A. (c) Again, 
speculating with even less basis in fact, one 
might regard it as the analogue of stereotyped, 
unadaptive behavior sometimes appearing in 
ill-defined learning or retention situations; in 
this situation absence of “pseudotaming” 
would be the analogue of persistent, stereo- 
typed errors or “position” habits in something 
like a two-stimulus discrimination box. In 
the light of present knowledge all the fore- 
going suggestions are highly speculative, the 
last being even less plausible than the others. 
As a further step, a repetition of this latter 
Phase of the study is needed to test the 
validity of the present findings that “pseudo- 
taming” does not proceed as in normal feral 
rats. The evidence at hand is clear-cut, how- 
ever, in respect to failure to show sudden, 
spectacular elimination of wild and savage 
behavior as a result of daily ECS; certainly 
there is nothing like the abrupt reduction or 
_ elimination of nesting behavior of the domestic 
male or female rat following a course of ECS. 


SUMMARY 
of the effects of ECS 


An exploratory study c 
d savageness 1n feral 


on timidity, wildness, an 
rats was made by comparing these effects, 
When possible, with the characteristic effects of 

CS in tame, albino rats. The most note- 
worthy findings are as follows: 
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1. Significantly fewer of the feral than of the 
tame albino rats display in grand mal con- 
vulsions the rigid backward extension of the 
hind legs and bowing of the spinal column. No 
satisfactory explanation of the differences in 
frequency of this type of opisthotonus has 
been formulated. j 

2. All observed types of activity denoting 
timidity, wildness, and savageness in feral 
rats begin to manifest themselves un- 
mistakably again between 1 and 2 min. post- 
ECS. Within 15 min. the behavior is so nearly 
like that of their preshock period that simple 
laboratory tests fail to bring out differences. 

3. A course of ECS, once daily for 20 days, 
did not greatly alter the individual patterns of 
“emotional” responses in the feral rats. Unlike 
control feral rats, similarly handled with pseu- 
doshock, there was no clear-cut suppression 
of wild, savage behavior, thereby producing a 
kind of ‘“pseudotameness” seen in their 
controls. Further work on this point is war- 
ranted to establish the validity of the obtained 


differences. 
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CONDITIONED AND UNCONDITIONED EMOTIONAL DEFECATION 
IN THE RAT! 


HOWARD F. HUNT axo LEON S. OTIS 
University of Chicago 


Bindra and Thompson have reported negli- 
gible correlations between “emotional defeca- 
tion and urination” and two other behavioral 
indicators of general emotional disturbance 
in the rat, “timidity” and “fearfulness” (1). 
They concluded that “emotional elimination 
is not a generally valid instrument for meas- 
uring fearfulness.” They went on to point 
out, quite legitimately, that “emotional” and 
“nonemotional” strains of rats, selectively 
bred on the basis of elimination as an index of 
emotionality, actually may be “high elimina- 
tion” and “low elimination” strains. These, 
they argued, may differ mainly with regard to 
“autonomic reactivity” or “susceptibility to a 
very general type of emotional disturbance, 
which leads to defecation and urination, 
under conditions of any unusual stimulation.” 
While Bindra and Thompson do not object to 
“emotionality” as a neutral but inclusive term 
to describe this particular susceptibility, they 
state that such emotionality “is not to be 
equated with fearfulness or timidity and that 
it may have little to do with what is normally 
called emotion or emotional behavior” (1, 
p. 45). 

The present paper does not intend to argue 
about the existence of a trait “emotionality” 
in the rat or the existence of an “emotional” 
or “fearful” type among rats. Nor does it 
intend to argue that “emotional elimination,” 
as presently measured, necessarily is either a 
suitable measure of this hypothetical trait or 
an indicator of this hypothetical type. The 
history of type and trait psychologies, as 
they have developed in connection with 
personality theories and the study of indi- 
vidual differences, reveals the ease with 
which such discussions collapse into arguments 
about definition. 


1 This research was supported in part by a grant 
from the Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago and in part by the 
Medical Research and Development Board, Office 
of the Surgeon General, Department of the Army, 
under Contract No. DA-49-007-MD-291. 


Rather, this paper intends primarily to 
show how defecation is related to emotion and 
emotional behavior by demonstrating the 
relationship between the incidence of defeca- 
tion and the acquisition and loss of a condi- 
tioned emotional response of the “fear” or 
“anxiety” type—the CER (see 2, 6). The 
data for this demonstration were generated by 
experiments originally performed for a some- 
what different purpose. They apply here, 
however, because they not only bring out the 
relationship between defecation, painful stimu- 
lation with electric shock, and “emotional 
conditioning,” but also because they typify 
the events which consistently have inspire 
our confidence in this humble indicator of 
emotional disturbance in the rat. 


EXPERIMENT I 


Defecation as a Component of a Conditioned 


Emotional Response 
Method 


Twenty-four naive, male, Sprague-Dawley albino 
rats, 60 to 90 days old at the beginning of the experi- 
ment, served as Ss for the emotional conditionis, 
Eight of these animals served as Ss for the experimenta 
extinction by nonreinforcement of the CS. The re- 
mainder received ECS after conditioning, as part 
of their service in the original experiment (see 7), s0 
their performance during extinction is not relevant pen 

The conditioning of these animals is described | F 
the paper covering the original experiment. In bas i 
all 24 animals received a total of eight emne 
conditioning trials, one per day for eight ontot a 
days, in the “grill box,” a chamber with a gen one 
and a transparent wall to permit observation © fon 
animal. Each trial consisted of a 3-min. presenti in 
of a strong intermittent light as the CS Korpe ith 
3 ft. above the grill floor) terminated contiguously W xi- 
two momentary painful shocks to the feet Opps 
mately 1.5 ma.), as the UCS, delivered turori ea 
floor. During conditioning and extinction, the C g TEE 
introduced around the beginning of the fifth min 
of the standard 12-min. runs. con- 

Beginning on the tenth day after the last, fae 
ditioning trial, eight animals received a total o or. 
extinction trials. Four of these animals Janet iala; 
29 days between the first and second extinction p aC! 
the others received four extinction trials, one 0n a z 
of four consecutive days starting on the tenth y 
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The latter group then had six more extinction trials, 
rested, and then received a “spontaneous recovery” 
test when the first group received its second extinction 
trial. The extinction data for both of these groups for 
the four trials are combined because the 29-day rest 
for the one group had no discernible, differential effect 
upon any aspect of performance to be discussed here. 

All animals were on a 23-hr. water-deprivation 
schedule, with free access to food in the home cages, 
during conditioning and extinction. All had free access 
to water, as well, during the rest periods. 

In this situation, the CER typically appears as a 
clear-cut “freezing” or crouching reaction upon pres- 
entation of the CS. The apparatus permitted observa- 
tion of both the moment at which the animals defecated 
and the relation between this response, presentation 
of the CS and UCS, and the crouching as a postural 
expression of the CER. 


Results 


The typical CER developed during con- 
ditioning. Interestingly enough, the CS elicited 
only exploratory behavior the first time it was 
presented—no crouching or defecating—even 
though the light was bright and glaring 
enough to be an aversive or disturbing stimulus 
in its own right. All animals showed the 
CER by the fourth conditioning trial or 
before; all that were to be extinguished 
showed the CER on the first extinction trial. 
On the fourth extinction trial, five of the eight 
still showed weak and sporadic CER’s, 
indicating that the crouching response had not 
been eliminated yet by nonreinforcement. 

The incidence of defecation (the number 
of different animals defecating) during each 
Conditioning trial considered as a whole 
increased from 8 to 24 from the first trial, 
C 1, to C 8. For the eight animals subjected 
to extinction, the incidence of defecation 
dropped from 8 to zero from the first extinction 
trial, E 1, to E 4. Both trends are significant 
(p < .02)2 Figure 1 shows the approximate 
point in each trial at which defecation oc- 
curred. Each curve in the figure indicates 
the incidence of defecation during each 
segment of each trial—the number defecating 
prior to presentation of the CS, during the 
CS, and following the cS and UCS during 
conditioning or the CS only during extinction. 

The incidence of defecation following the 
UCS increased significantly between C1 r: 
C 2 (p < .01); defecation during the 


ailed test of significance 


(8). 


2 All p values are for a two-tatled’ | 
based on x? corrected for discontinuity 
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first increased significantly between C 2 and 
C 3 (p < .01). During trial C 2, the UCS 
elicited significantly more defecation than 
either the CS or placement in the apparatus 
(both p < .01). Defecation during the CS 
increased from C 2 to C 8, while, over the 
same interval, defecation following the UCS 
decreased significantly to return to its 
original C 1 level (both p < 01). And during 
C 8, the CS elicited more defecation than the 
UCS (p < .01). Similarly, the incidence of 
defecation was greater during the CS than 
during the other segments of the first two 
extinction trials (p < .05). Clearly, then, the 
CS acquired the power to “elicit” defecation 
and retained this control over the response 

mm Pre CS 

———* During CS 

‘Post CS @ UCS (CI~C8) 


—- 
perry] Pest CS only (EI-E48) Totei eg 


z 5 


No. of Animals Dafecating 


Ho. of Animals Ostecoting 


o 
Gre: 


ce es cee? OO cs ce 


Triots — 


Toned ck C3 


Fic. 1. The incidence of defecation during each 
segment of each conditioning and extinction trial 


through one extinction trial for all animals 
and over 29 days of inactivity, as well, for 
four of them. 

The joint occurrence of defecation and 
crouching or “freezing,” as a general postural 
expression of the CER, substantiates the 
emotional and the conditioned nature of the 
defecation. On the twenty-ninth day after the 
first extinction trial, four animals received 
their second extinction trial; the other four 
animals, in the extinction group, received a 
spontaneous recovery test at the same time. 
A comparison between these two groups, for 
the first group following one extinction trial 
and for the second following ten, indicates 
nicely how the CER and defecation tend to 
covary. On this test day, five animals both 
defecated and showed the CER while three 
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showed neither response. The relationship 
between crouching and defecation was sig- 
nificant (p < .05). Defecation not only 
appeared in conjunction with the CER in all 
the animals that had received only one prior 
extinction trial, but even reappeared after 
ten extinction trials in the one animal that 
showed spontaneous recovery of the CER. 

A question remains. Does defecation, as a 
response, have a sufficiently short latency and 
sufficiently regular duration to justify assigning 
it to a particular stimulus as in Figure 1? 
An unpublished experiment? provides pertinent 
data based on the performance of 20 female 
and 10 male albino rats, with 10 females on 
free food and water and the rest on the 
standard water-deprivation, free-food schedule. 
All received one 10-min. run in the grill box, 
with a burst of five momentary 1.5-ma. shocks 
introduced at the beginning of the fifth minute. 
Twenty-two rats defecated, in all cases 
starting within 10 to 90 sec. after the shocks, 
usually within 20 to 60 sec. All but two 
stopped defecating within 135 sec. after the 
shocks; the two exceptions stopped within 
215 sec. These data strongly suggest that 
defecation starts and stops soon enough and 
regularly enough after disturbing stimulation 
to justify our description of it in Figure 1. 


EXPERIMENT II 


The Relationship between Emotional Defecation 
and “Timidity” 

If defecation covaries so clearly with both 
conditioned and unconditioned emotional dis- 
turbances, one would certainly expect it to be 
correlated natively with other indicators of 
emotionality. To check on this expectation, 
Experiment II inquires into the relationship 
between defecation in a modified open-field 
situation (after Hall) and performance on a 
“timidity” or “shyness” test similar to that 
used by Bindra and Thompson (1). 


Method 


Sixty-two naive, male, Sprague-Dawley albino rats, 
70 to 80 days old, served as Ss. These animals received 
no preliminary handling prior to the tests. All animals 
received the open-field test first and the “timidity” 
test second, 10 days later. 


3We are indebted to Mr. William Beckwith for 
his help with this experiment. 
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The open-field test employed a wire mesh field, 
octagonal in shape, with 12-in. walls of battleship gray. 
The field was approximately 4 ft. in diameter, well 
illuminated, and elevated 33 in. above the floor. Each 
animal received four individual 4-min. runs, one on 
each of four consecutive days. All animals had free 
access to food, but no water was available in the home 
cages except during a 2-hr. period which terminated 
1 hr. before each test. A record was kept to indicate 
which animals defecated or urinated, and how many 
times, during each minute of each test run. 

The “timidity” test consisted essentially of a deter- 
mination of the amount of time it took the hungry 
rat to emerge from the living cage onto a S-in. by 
30-in. runway placed in front of it to seize one of 
three pellets of food placed 12, 21, and 30 in. away 
from the cage. The scores consisted of time to actual 
taking of any one of these pellets, as well as both time 
to placing the forepaws and time to placing all four 
feet on the runway. The animals were placed in indi- 
vidual living cages three days before the test; all had 
free access to water but were on a 23-hr. food-depriva- 
tion schedule during this time. On the fourth, or test 
day, at the usual feeding time, the living cage was 
placed at the end of the runway for 15 min. Then the 
cage door was opened and the animal given a maximum 
of 30 min. to emerge and take a pellet. 


Results 


The results agree with those reported by 
Bindra and Thompson (1). The data revealed 
no appreciable or statistically significant 
relationship between defecation during any 
one run or all runs in the open field and 
“timidity,” regardless of the methods em- 
ployed for scoring either test. Though both 
tests distributed the animals over a range of 
scores and isolated extreme cases, neither 
rank-order nor contingency methods revealed 
any systematic covariation between the tests. 
Nor did the extreme scores on one test appear 
to be associated in any systematic manner 
with scores on the other. 


DISCUSSION 


Experiment I reveals a close functional 
relationship between defecation and emotional 
disturbance in the rat. In fact, for these data 
defecation almost could have substituted for 
crouching or “freezing” as the conditione 
emotional response. Defecation would appear 
to have a good deal to do with what is normally 
called emotion or emotional behavior in the 
rat! But Experiment II, in agreement with 
results reported by Bindra and Thompson, 
reveals no correlation between defecation 1” 
the open field and performance on the “timid- 
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ity” test. In Experiment II, an animal pre- 
disposed to emotional upset (i.e., “emotional’’) 
should have been disturbed to some degree by 
both test situations—by their novelty only, 
if for no other reason. If performance on the 
“timidity” test does, in fact, reflect some aspect 
of emotional disturbance and if defecation, 
as such, is a reliable indicator of a generalized 
emotional response, Experiments I and II 
would appear contradictory. 

Under what conditions, then, does defecation 
reflect emotional disturbances? Our data 
Suggest that it does so reliably only when the 
emotional disturbance is fairly strong; defeca- 
tion, as a component of the general reaction to 
emotional disturbance, appears to have a 
comparatively high threshold. For example, 
the light serving as the CS in Experiment I 
was bright and glaring enough to have some 
unpleasant and disturbing properties of its 
own. Incidental observations on the effect of 
this stimulus have revealed that albino rats 
move away from it in the standard double-grill 
avoidance apparatus, if given the chance. 
Yet this CS elicited no defecation in trial C 1 
(see Fig. 1) prior to the first reinforcement 
with shocks. i 

Further, as the intensity or amplitude of the 
CER decreases as a function of nonreinforce- 
ment during extinction, defecation disappears 
Sooner than the crouching or freezing 
response. By trial E 4, in Experiment I, the 
incidence of defecation had dropped to zero 
while 5 of the 8 animals still showed weak 
CER’s. Data on the extinction of the CER 
established in the Skinner box, where the 
CER is superimposed upon a lever-pressing 
habit, typically show a similar trend. Here a 
Strong CER appears as a cessation 1n ai 
pressing during presentation of the CS (see 6, 
7). In one experiment, 11 rats received oe 
extinction trial per day for ten days, after the 
CER had been established by eight conii 
tioning trials. All animals both defecated gn 
showed the CER on the first extinction a ; 
On the tenth, only 3 animals defecated while 
10 still showed a complete cessation of lever 
Pressing during the CS—a significant difference 
(Ż < .05). . 

From these observat! t 
Open field would seem a relati 
test for predisposition to emo 


ons, defecation in the 
vely insensitive 
tional disturb- 


ance. Not only does emotional defecation 
have a high threshold, but the test situation 
itself is bland compared with stimuli such as 
electric shocks. Very likely, the open field 
did not disturb the homogeneous and rather 
phlegmatic Sprague-Dawley Ss either very 
intensely or to markedly differing degrees. 
A substantial portion of the defecation here 
probably was a function of factors other than 
emotional disturbance. The adaptation indi- 
cated by the significant decrease in incidence 
of defecation from the first to the fourth run 
in the open field (p < .01) suggests that 
emotional disturbance or something like it 
could have made some contribution to the 
scores (3). But the tetrachoric correlations 
between runs 1 and 2 and between 1 and 4 of 
+.55 and +.62, respectively, indicate a 
relatively low order of test-retest reliability 
for the open field in this experiment. 
Considering all this, the lack of correlation 
between the open-field and “timidity” tests in 
Experiment II is hardly surprising, particularly 
since the “timidity” test probably is neither 
perfectly reliable nor perfectly valid as an 
indicator of emotional disturbance or “dis- 
turbability.” Bindra and Thompson used both 
male and female and hooded as well as albino 
rats—a somewhat more heterogeneous popula- 
tion than served in Experiment II. But a 
considerably more heterogeneous population 
with regard to threshold for emotional 
disturbance might be required to produce the 
kind of validating data previously reported 
for the open-field test (for general overviews 
see 4; 5; and 9, pp. 98-100). Probably the 
variance in defecation in the open field becomes 
primarily a function of emotional disturbance 
only when the test really disturbs a substantial 


proportion of the Ss. 


CONCLUSIONS 


1. Defecation can serve to indicate condi- 
tioned emotional disturbance of the ‘fear’ or 
“anxiety” type. In fact, as a result of the 
conditioning procedure the CS actually ac- 
quired the power to “elicit” defecation as one 
component of the general emotional response. 
Defecation appears to have a somewhat 
higher threshold than the crouching or 
“freezing” component of the CER, however. 

2. Defecation in the open field showed no 
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correlation with performance on a “timidity” 
test, in agreement with the findings of Bindra 
and Thompson. The placidity and homogeneity 
of the Ss, together with the probable insensi- 
tivity of defecation in the open field as a test, 
could have produced these negative results. 
3. While defecation is clearly related to 
what it seems proper to call emotion or 
emotional behavior in the rat, the relationship 
probably becomes unambiguous and reliable 
only when the emotional disturbance is 
substantial and reasonably intense. 
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A SPATIAL GRADIENT OF ALTERNATION TENDENCY 


DAVID ZEAMAN anp DAVID ANGELL 


University of Connecticut 


The inhibitory effect that follows a 
response has some well-known properties. 
Among them are these: (a) it builds up when 
responses are made in rapid succession; (b) it 
dissipates spontaneously during a rest period, 
but not completely; (c) effortful responses 
tend to produce more of it; and (d) the effect 
Spreads or generalizes to responses similar 
to the one producing the inhibition. Hull (1) 
has worked out the relationships of this 
Tesponse-produced inhibitory effect to a variety 
of behavioral phenomena such as extinction, 
Spontaneous recovery, reminiscence, and the 
efficiency of spaced practice. One of the 
gaps in our knowledge about this kind of 
inhibition consists of the fact that no uniform 
gradients of generalization of response-pro- 
duced inhibition have been reported in the 
literature. We have chosen to investigate 
this problem by a method recommended 
Primarily by its experimental simplicity. 

It has been demonstrated that a rat forced 
to make a left turn on an inverted L-shaped 
Tunway will then tend to alternate its response 

Yy turning right if soon after it is given a 
Choice on a T-shaped maze (6). If we assume 
for the moment that this alternation tendency 
is produced by what we have been calling 
tesponse-produced inhibition, it should be 
Simple to test for a spatial generalization 
gradient of inhibition by forcing rats to make a 
left turn on an inverted L-shaped runway and 
then observing their frequency of choices for 
each path of a fan-shaped maze. A gradient 
Would be obtained if the frequency of choice 
Were greater for paths farther away (to the 
right) from the forced path. 

The validity of our assumption relating 
alternation tendency and response-produced 
inhibition will be considered in a later section. 

this assumption ultimately proves un- 
tenable, the present study may be viewed 
Simply as a demonstration of an interesting 
ehavioral regularity to be accounted for, 
along with other alternation phenomena, 
by some theory. 
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METHOD 


Apparatus 


A diagram of the fan-shaped choice point com- 
prising our main piece of apparatus is shown in Figure 1. 
It is an elevated maze made up of five separate wooden 
blocks each approximately 36 in. long, 114 in. wide, 
and 12 in. high. The maze was placed on the floor of a 
well-lighted room, providing a heterogeneous external 
stimulus surround. Portions of the maze could be 
removed manually to form the various runway combi- 
nations shown in Figure 1. j 


Subjects 

The Ss were 27 naive, female, albino rats from the 
University of Connecticut colony of Wistar-strain rats, 
Their ages ranged between 200 and 300 days with a 
mean of 260 days. 


Procedure 


Essentials. The basic elements of the procedure 
consist of two steps: the rats are first forced left or 
right on paths A or D, and then are given their choice 
of paths A, B, C, or D on the fan-shaped maze. If the 
rats choose a path whose direction is away from the 
forced path, they are said to alternate. Strength of 
alternation is measured by the frequency of alternation; 
direction of alternation is measured by the angular 
separation of the chosen path from the forced path. 

Controls. Since it is our purpose to attribute alter- 
nation tendency to an inhibitory state produced by 
the response on forced trials, it is necessary to arrange 
some experimental controls for other factors capable 
of producing an alternation tendency independent of 
forced responses. Learned or unlearned preferences for 
paths other than the forced path are factors most 
likely to cause alternation. To minimize such pref- 
erences (or aversions) for different paths, the rats 
were given a long training period during which they 
were to acquire strong, presumably equal, habits of 
running to each of the four path positions. Equality 
was not always the result, so the extent of inequalities 

e s assessed by giving the rats 


in path preference wa 
free choices on the fan-shaped maze before the forced 
trials were administered. Then an alternation measure 


ed which would partial out of the final 


was adopt 
ue to these known unequal path 


result alternation d 


preferences. 
These control procedures are also effective in elimi- 


nating explanations of the results in terms of condi- 
tioned inhibition (6), but they do not preclude explana- 
tions in terms of exploratory tendency, a matter to be 
discussed presently. 

Training. For each rat a daily training session 
included 10 massed runs to one of the four path posi- 
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tions shown in Figure 1. The intertrial interval was 
10 sec.; the reinforcement, a 5-sec. feeding of wet 
Purina mash. The path receiving the practice was 
changed every day in a nonsystematic fashion. After 
80 trials, the median running time of the group had 
been reduced to 2 sec., a final level maintained for 
40 more trials. , 
All sessions in the entire experiment were run with 
the rats approximately 22 hr. hungry. All responses 
were reinforced with food. A 30-min. feeding of wet 
mash followed every session by an irregular period 
averaging }4 hr. o. 
Alternation tests. Following the 12 daily training 
periods the rats were given 24 daily sessions of alter- 
nation tests. Each session included first a free choice 
on the fan-shaped maze to establish each rat’s daily 
preference. Secondly, after at least a 30-min. interval, 
every rat was given a series of forced trials to cither 
path A or D. The number of forced trials was either 
two or ten, with 10 sec. between trials. Thirty seconds 
later the rat was given a choice of paths on the fully 
reassembled fan maze as a test for alternation. This 
ended the daily testing period. From day to day the 
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TRAINING RUNWAYS: FORCED TRIAL RUNWAYS TEST TRIAL MAZE 


Fic. 1. Diagrams of the arrangements of the path 
units during training, forced trials, and test trials. 
The angle separating each of the goal arms A, B, C, 
and D from the next is 60°. S marks the starting point. 


number of forced trials (either two or ten) and the 
direction of forced trials (either A or D) were changed 
in a nonsystematic manner for each rat. 

Measures. The number of times a rat chose a 
particular path in a series of 12 test trials constituted a 
measure of preference for that path. Such a measure 
could be obtained for each path from the series of 
12 test trials given each rat before the forced trials and 
another from the series given after the forced trials. 
The difference between these two frequencies was a 
measure of the change in preference produced by the 
forced trials. Since the pre-forced-trials test frequency 
was subtracted from the post-forced-trials test fre- 
quency, a rat could obtain a “change” score ranging 
from +12 to — 12 for each path. A positive score meant 
that a path was preferred more after forced trials than 
before; a negative score indicated the opposite. A 
zero score meant that the forced trials had no effect 
on path choice. 

The specification of path was in terms of the 
angle separating the forced path from the chosen 
path, For example, a choice of path C on a day when 
forced trials were to path A was tallied as a 120° 
response. So, also, was a choice of path B when forced 
trials were to D. 

Using these measures and specifications, it was 
possible to derive, for each path angle, two distribu- 
tions of preference-change scores, one for the test 
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series employing two forced trials, and one for the 
test series with ten forced trials. 

It was possible also to obtain distributions of 
preference-change scores for test series of “zero” forced 
trials simply by comparing one day’s pre-forced-trials 
test frequency with the next day’s pre-forced-trials 
test frequency. Since it is known that the Z g effects ofa 
series of ten forced trials do not last for 24 hr. (6), the 
daily changes in path preference measured by the 
pre-forced-trials tests provide us with an empirical 
base line of chance preference-change scores. In detail, 
the method of obtaining these scores differed from that 
of the previous preference-change scores in only one 
respect. Instead of subtracting the pre-forced-trials test 
frequency from the post-forced-trials test frequency, 
we subtracted the odd day’s pre-forced-trials frequency 
from the even day’s pre-forced-trials test frequency. 
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Fic. 2. The temporary changes in preference for 
different path angles produced by zero, two, and ten 
forced trials to the 0° path 


Since there were 12 odd and 12 even testing days, 2 
rat could get a preference-change score ranging from 
+12 to —12 for each path. This yielded one distribution 
of 27 change scores for each path angle, interpretable 
as the preference change produced by “zero” force 
trials. Here, negative scores mean that a path wee 
preferred more on odd days than even days. Positive 
scores have the opposite meaning. 


RESULTS 


The spatial gradients of alternation after 
zero, two, and ten forced trials are presented 
in Figure 2. The angle to which the rat }§ 
forced becomes his least preferred of the four 
paths. His preference increases uniformly 
for the paths farther away from the forced 
path. The effect of increasing the number © 
forced trials is to increase the slope of the 
gradient. 
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The absolute magnitude of the gradient 
is not small despite the fact that the possible 
score range is —12 to +12. The experimental 
design renders extreme scores unlikely. As an 
illustration, consider a rat having equal 
preference for the four paths before forced 
trials. Its 12 test responses before forced trials 
would be distributed 3, 3, 3, 3 over the four 
path angles. If this rat were a strong alternator 
it might, after forced trials, distribute its 12 
test responses 0, 2, 4, and 6 over the four 
path angles (0°, 60°, 120°, and 180°, respec- 
tively). The alternation gradient of this 
strongly alternating rat as measured by 
preference-change scores would be —3, —1, 
+1, +3 over the four path angles, in order. 
The mean gradient after ten forced trials 
for the 27 animals plotted in Figure 2 is 
about one-half as steep as the gradient of this 
hypothetical rat. 

Although the effects of path angle and 
number of forced trials on mean preference 
Scores appear by inspection to be quite clear, 
it is possible that such mean differences may 
have occurred through errors of random 
sampling from a single common, population of 
preference scores. To test this possibility, 
an analysis of variance tec 
the scores comprising eac 
variance was partitioned into @ peih anei 
variance, an animal variance, and a residua - 
interaction variance (path angle X animal), 
the latter used as error term. The obtained 
Fs indicated that the zero-forced-trials gradi- 
ent could easily have been produced >i 
sampling error, but that the ten-forced-trials 
gradient would have occurred by chance less 
than once in a hundred times. The scores in 
the two-forced-trials gradient yielded an r 
not high enough to be significant at the .0 
level of confidence. However, the fact that the 
Shape, slope, and location of the prone 
trials gradient are all about what wou b 
expected makes us unwilling to conclude 
that this is a chance function. 


hnique was used on 
h gradient. Total 


DISCUSSION 

_ Empirically, this experiment was a eer 
in demonstrating with rats the orderly r T 
of a temporary response-produced dista ily 
o ng four paths. Theo i 
preferences among p alee | 


the phenomenon might be interpr 


generalization of either a transient inhibitory 
state produced by responding, or an excitatory 
state generated by not responding. The 
choice would depend upon what one believed 
to be the cause of alternation. Hull’s con- 
struct of reactive inhibition (Jr) has been 
used to give an account of other alternation 
effects (5, 6) and could be extended to apply 
here. On the other hand, the possibilities of 
an excitatory state built up by not responding 
have been pointed out by Montgomery (2). 
He believes that the rat alternates its choices 
on a simple T maze in order to explore the 
relatively fresh or novel stimuli of a just- 
previously-not-responded-to maze arm. 

These two views have some differential 
consequences, a few of which have been put to 
experimental test. The results have un- 
fortunately not been entirely in favor of only 
one of these explanations. For example, rats 
have shown a preference for alternation of an 
“approach” response (place alternation) rather 
than alternation of a “turning” response 
(response alternation), and this fits Mont- 
gomery’s exploratory hypothesis very well (2). 
Not so favorable to Montgomery’s view 1s 
Solomon’s finding that an increase in response 
work increases alternation (4). This effect 
would be predicted by J» theory. To add toa 
confusing picture, some evidence has been 
uncovered of both place alternation and 
response alternation in the same situation (3). 
Although the present weight of evidence 
indicates that alternation could be the result 
of the operation of either J, or exploratory 
drive—or both, our current preference for the 
Da explanation is based upon the wide ap- 
plicability of the Ir construct to a variety of 
similar phenomena and upon the inclusion of 
fa principles within an existing general 
behavior theory. As a brief summary of what 
Ix theory will do in the domain of alternation 
effects, we offer the following list, Reactive 
inhibition principles will predict (a) the simple 
occurrence of alternation, (b) the increase in 
alternation with the number of forced trials, 
(c) the spontaneous dissipation in time of the 
alternation tendency, (d) the increase in 
alternation with increase in work, and (e) 


1 Rothkopf and Zeaman (3) have offered a composite 
of these two types of explanations as an adequate 
but perhaps unparsimonious resolution. 
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the occurrence of generalization of alterna- 
tion. It may be possible to account for some 
of the place alternation findings without 
disturbing these theoretical accomplishments 
by using Ir theory in conjunction with a 
molar (approach-this-place) definition of re- 
sponse rather than the usual more molecular 
(turn-in-this-direction) specification of re- 
sponse. 

Both theories must be further developed to 
account precisely for our obtained gradients. 
In one case there is needed a principle saying 
that the stimulus aspect of novelty generalizes 
along a spatial gradient; in the other we 
need merely to add to Hull’s Zr Postulate 8 a 
section describing quantitatively how Jp 
generalizes. Both principles have additional 
behavioral consequences yet to be worked 
out. It is recognized that, as applied to the 
present situation, only one of the principles 
may eventually stand the test of deductive 
elaboration and further empirical checks. 
But in the meantime we may safely conclude 
that whatever theoretical factor is producing 
alternation must be such as to produce also a 
spatial gradient of alternation. 


SUMMARY 


Uniform spatial gradients of alternation 
tendency have been obtained by running rats 
down one path of a four-goal arm, fan-shaped 


maze, and then giving them a free choice of 
the four pathways. Other relevant factors 
being equal, the rats showed increasing 
preference for the paths farther away from the 
single path they had just been run on. 

Forcing the rat to choose one path ten 
times in rapid succession causes its preference 
for the more distant paths to rise more steeply 
than the use of only two forced trials. 

The spatial gradients of alternation were 
related theoretically to the generalization of 
reactive inhibition (Zr). The results were 
also seen to be consistent with the view that 
the rats were exploring a gradient of novel 
stimuli. 
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THE AGE FACTOR IN \MULTIPLE-DISCRIMINATION LEARNING BY 
WHITE RATS 


PAUL E. FIELDS! 


University of Washington 


The early studies of Watson (11), Hubbert 
(H, and Liu (5) found that maze-learning 
ability increased up to 75 days, and that 
young rats were superior to older ones (up to 
300 days). The work of Stone (8, 9) and Tryon 
(10) supports the view that learning ability 
reaches a maximum before 75 days and that no 
decline is evident during the first two years of 
life. However, Maier (6) found a difference in 
ability to perform reasoning tests in favor of 
120- to 300-day-old rats vs. 50- to 90-day-old 
rats. Munn summarizes the literature on age 


with this comment: “Learning ability appears 
about thirty days 


to increase with age up to 
and then to remain fairly constant until the 
rat is about two years old, an age comparable 
With sixty years in man” (7, p- 358). 

With apparatus and techniques recently de- 
veloped (1, 2, 3) it was decided to explore this 
investigating the effects 
il stimuli upon the in- 
rat over a wide age 


problem again before 
of potentially harmfu 
tellectual abilities of the 
range. 
METHOD 
Subjects 
Middle-aged groups. 
months old (born on the s 
Sprague-Dawley when 30 days old, 43 animals were 
selected which did not vary more than .5 ø from the 
group mean weight of 407 gm. The weight was reduced 
during preliminary training and held constant between 


80 and 85 per cent of the original during the course of 
animals had been individually 
any prior experiment. 


Of 125 male white rats, 15 
same day), obtained from 


the experiment. These 
caged and had not been used on 
nee 
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Young groups. Thirty-nine male white rats, 30 days 
old (born on same day), obtained from Sprague Dow 
+, comprised the young group. Their weights nee ad 
67 gm. when received. ae al 
Both middle-aged and young rats were randomly 
assigned to four groups. Members of two middle-aged 
and two young groups were run in serial order in ihe 
morning, and the remaining four groups run in serial 
order in the afternoon. el 


Apparatus 

Four copies of the five-choice Multiple Visual Dis- 
crimination Apparatus were used. One group of middle 
aged and one of young rats were always run on the 
same-numbered apparatus. Four Es were rotated so 
that they would run each group of animals on every 
fourth day. ý 

The stimulus patterns, chosen from the same ones 
used in a previous study (3), are shown in Figure 1. 
Five pairs were used in a single series. The rats amied 
the first two series. There were eight duplicates (photo- 
graphic) of each stimulus pattern. 


Procedure 

All rats were first trained to jump to one card with 
20-mm. vertical striae exposed with four black cards 
Then 20-mm. horizontal striae were introduced dnd 
training continued with two striated cards and three 
black cards until 10 successive discriminations were 
made quickly and without error in the same day. On 
successive day the width of the striae was reduced 
through 20, 15, 10, 7.5, and 5 mm. All animals were 
able to make 9 out of 10 correct jumps to each of these 
smaller striae upon their first presentation. Eight of the 
older rats had to be discarded because of sickness. 

On the ¢ rimination-learning part of the experi- 
ment, five pairs of unique visual patterns were serially 
presented in quick succession, The rats were required 
heir mistakes. If they had not made a dis- 
had made an error and not cor- 
rected it in 3 min. the animals were helped. All rats 
were given a total of 33 repetitions of series I followed 
by 45 repetitions of series IT. 


to correct t 
crimination jump Or 


RESULTS 

Preliminary Training 

‘The criterion of 9 out of 10 correct jumps to 
20-, 15-, 10-, 19-5 and 5-mm. vertical striae 
on successive days was accomplished by 35 
middle-aged rats and 39 young rats. There 
was no significant difference in accuracy be- 
tween the two age groups on any width of 
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striae. However, when the discrimination 
times were compared on the 10-mm. striae the 
young rats were faster with a U of 1.88 (p = 
028). On the 5-mm. striae this difference was 
still more in favor of the young rats with a U 
of 3.19 (p = .0006). It was evident that the 
older rats had a tendency to slow down as the 
striae were reduced in size, but the accuracy 
of the response was not affected. On the other 
hand, the younger rats were jumping more 
rapidly to ‘the 5-mm. striae than they had 
the 10-mm. with no reduction in 


been to 
accuracy. 


Fic. 1. Two series of stimulus cards. 


: The cards were 
exposed in constant order from top to bottom, The 
positive card of each pair 


is on the left. 


Learning of Series I 


A total of 29 middle-aged rats finished 33 
repetitions of series I, and 27 of these met all 
the learning criteria (9 10, 13 15, and 15 15 
correct jumps). The remaining 2 were blocking 
and gave no indication of learning. All 39 young 
rats finished the training on series 1, and 36 met 
all learning criteria in the prescribed period. 

The data for the 27 middle-aged rats and 
the 36 young rats that had met all criteria in 
165 discrimination jumps were analyzed by 
both parametric and nonparametric tests. The 
smallest difference obtained by these methods 
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still had a probability of .002 in favor of the 
young rats. The (’s and p values between the 
two groups of rats on both series I and IT are 
presented in Table 1. 


Learning of Series TI 


One of the 27 middle-aged rats died before 
completing the 45 repetitions on series H, 
and 17 of the remaining 26 rats failed to meet 
one or more learning criteria. Four of the 
group never met even the simplest criterion 
of 9 correct out of 10 jumps (two consecutive 
repetitions of the series). All 36 young rats 
completed series IT. Five failed to meet one or 
more learning criteria, but only 1 young rat 
failed to meet the simplest criterion. 


TABLE 1 
Probability Values for Differences between Age Groups 


sland II 


in Learning Se 


! 


SERIES 1* SERIES tt 
CRITERION 

U p U $ 
Time 0o00 4.85 -0000 
9/10 0000 0, 39 
13/15 00002 02 
15/15 0028 | 3.68 | -000 
Correct in last 50 5+ 0000 4.50 | -Oo 
Total C 6.40 0000 4 a 
* A = 27 middle-aged and 36 young ri 
TAN = 26 middle-aged and 36 young 


zed without 
did not 


These learning data were analy 
excluding any rats. Where the rat 
meet a criterion, its score was the maximum 
number of jumps given (225), All differences 
between groups were significant beyond the 02 
level except the number of trials before meeting 
the simplest criterion. 


DISCUSSION 

By using only rats that had met all learning 
criteria in the analysis of the data from series 
I, we were giving the benefit of any doubt to 
the older rats. In spite of this, the 60-day-old 
rats were superior in every respect to the 480- 
day-old rats. At 90 and 510 days of age while 
they were learning series II, the differences, 
in favor 
rats also 


although not so great, were alwa 
of the younger rats. The younger 
required significantly fewer helps, made fewer 
errors, and their ratio of errors to correct 
jumps was better. 


MULTIPLE-DISCRIMINATION LEARNING BY RATS 


_ The final achievement level (number correct 
in the last 50 jumps) was lower for both groups 
on the second series, and the ratio of errors 
to correct jumps had increased. There was also 
a disproportionate increase in the variability 
of both groups on all measures on the second 
series. It is believed that a part of the lowered 
performance efficiency may be attributed to 
the inclusion of more difficult pairs of stimuli 
(upright and inverted U) and to a change in 
training procedures. However, since these fac- 
tors were constant for both age groups, they 
do not invalidate the reliability of the differ- 
ences that were found. 

These findings are not in agreement with 
Munn’s summary statement that the learning 
ability of rats remains fairly constant from 30 
days to about two years. With a more adequate 
separation of young (adult?) and middle-aged 
rats (not yet senescent) in the present study, 
Maier’s finding that old rats were superior on 
intellectual functions was not supported. 


SUMMARY AND CONCLUSIONS 


The same group of middle-aged male rats 


was simultaneously tested at 450, 480, and 510 
days on the identical striae and complex serial 
multiple-discrimination learning problems with 
a younger group 30, 60, and 90 days of age. 

here were no reliable differences between the 
two groups in the final accuracy with which 
vertical striae of five different widths were 
discriminated. The middle-aged rats were 
Slower than the young ones. 

When required to learn five pairs of non- 
logically related stimuli in a single consecutive 
Series, the young rats were significantly 
Superior (p = .002 or better) to the old ones 
on (a) total time, (b) number of jumps required 
before making 9/10, 13/15, and 15/15 correct 
jumps, (c) number correct in the last 50 jumps, 
and (d) percentage correct in the total number 
of attempts. The direction of the difference in 


learning a second series of five new pairs was 
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the same, but the probability levels were 
somewhat less (not significant for 9/10; p = 
.02 for 13/15). 

The use of complex multiple-discrimination 
learning tasks has revealed decrements in the 
intellectual ability of old rats which were not 
accompanied by significant declines in the 
accuracy of visual discrimination of simple 
striae on the jumping apparatus. 
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DISCRIMINATION OF COLORED FOOD AND FOOD SIGNS BY PRIMATES 


MURRAY E. JARVIK 
Yerkes Laboratories of Primate Biology, Inc., Orange Park, Florida’ 


For animals to survive they must in some 
way differentiate food from nonfood objects. 
This differentiation constitutes, in a sense, 
the fundamental principle underlying most 
methods of testing various types of dis- 
criminative ability in animals. As Lashley has 
pointed out: “... discrimination . . . may in- 
volve a wide range of functions from a 
direct tropistic reaction up to the recognition 
of intricate logical relations subsisting among 
the objects compared” (7, p. 123). European 
students of animal behavior (9) have studied 
discriminative responses in animals without 
actually training them formally, though the 
possibility that the animals may have previ- 
ously trained themselves exists and cannot be 
dismissed. 

Adaptive behavior in learning consists of 
dropping responses which are not rewarded 
and maintaining those which are. One of the 
problems that the psychologist may study is 
why it sometimes takes organisms hundreds of 
trials to make their proper differential response 
in a simple discrimination situation. On the 
basis of experience with other species (2, 7) 
there is ample evidence to show that the 
method of training can influence the number of 
trials to reach a given criterion of learning. 
Harlow (5), in an extensive series of experi- 
ments using the Kliiver form board with 
monkeys, has discussed some of the factors 
influencing the difficulty or ease of problem 
solution in different discrimination situations. 

The present study dealt with simple color 
discrimination in primates, and attempted to 
see whether evidence of discrimination could 
not be obtained in a fewer number of trials 
than previously by changing some of the 
nonrelevant cues. The relevant cues in a color 
discrimination are the colors themselves, and 
all other aspects of the situation are non- 
relevant. 

Monkeys that have received either a few 
days of taming or none at all require many 
trials before they show evidence of simple 


1 Now with the Neurology Department, Mt. Sinai 
Hospital, New York. 


discrimination behavior. Chow (1) trained 31 
naive monkeys on a simple red-green dis- 
crimination and on a pattern discrimination 
(diamond versus stripes) using a modification 
of the Kliiver form board. They took an 
average of 137 trials (SD = 70) to learn the 
color to a criterion of 20 errorless trials, and 
154 trials (SD = 63) to learn the pattern. 
Thompson,? working at the Yerkes Labora- 
tories, found that it took six chimpanzees an 
average of 323 trials to establish a simple 
black-white discrimination. These animals had 
solved a variety of problems for many years 
before this; in fact, most were born and raise! 
in the laboratory and subject to much handling 
by humans. Thompson used a variation of the 
Kliiver form board wherein the relevant cues 
appeared on plaques in front of the food wells, 
while the plaques covering the food wells did 
not differ appreciably from each other. ae 
sharp contrast Lashley (7) found that 1t took 
rats an average of 6.6 trials with 0.7 errors to 
learn a black-white discrimination in his 
jumping stand. 

Poor performance by an animal in a T°- 
stricted situation may not represent its general 
ability. As Kliiver has pointed out “It must 
be kept in mind, of course, that megalve 
results do not necessarily mean that the 
animal is incapable of performing the response 
we happen to be interested in; it may simply 
mean that we have not set up the optimal 
conditions under which a given response, let 
us say, a certain discriminatory reaction, 
occurs” (6, p. 310). / 

In 1933, Thorndike (10) showed that simple 
frequency of association failed to result 10 
learning under certain circumstances. Thorn- 
dike felt that the stimuli to be associated 
lacked what he called “belongingness.”” Though 
he never adequately defined the term, it 
would appear he meant that the Ss were not 
set to see these relationships. : 

The following study attempted to determine 
whether, by changing some of the spatio- 


2 Personal communication. 
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temporal relations of stimulus and reward, 
more or less efficient performance could be 
elicited from primates. 


METHOD 

Subjects 

_ Members of three species of primates participated 
in this study. They included 10 chimpanzees of vary- 
ing experimental experience, 1 rhesus monkey that 
had worked daily for five previous months in other 
discrimination experiments, 1 spider monkey and 3 
thesus monkeys that had never previously taken part 
in psychological experiments, making a total of 15 Ss. 


Apparatus 

Two blackboards each 56 cm. by 14 cm. were used 
to hold the stimuli, One was perfectly flat and the other 
had two food wells, each 5 cm. in diameter, spaced 19 
cm. apart. A red and a green metal plaque each § cm. 
square were used in part of the experiment to cover 
the food wells. Red and green celluloid 2-cm. and 8- 
cm. squares were also used. 


Procedure 


Small pieces of bread appr 
were colored either red or gree 
Some of these were flavored w 
were unflavored, and others were rendered distasteful 
with a mixture of capsicum (extract of red pepper), 
dehydrocholic acid (extract of bile), and quinine. For 
some animals red was positive and green negative, and 
for others the reverse conditions held. Saccharine was 
used at first, following Franz’s (3) technique, 1n the 
hope it would make the bread more desirable. But 
when some of the chimpanzees took a long time to eat 
the sweetened bread, saccharine was no longer used 
and subsequently the chimpanzees consumed the posi- 
tive reward more rapidly. 

Each animal received one n 
periences not involving any alternative choice. The 
S was first given the positive object and always ate it, 
and then given the negative, which S invariably tasted 
and then threw away. It was felt that this procedure 
was necessary to forestall the possibility that S might 
first select the disagreeable negative object and then 
withdraw permanently from the situation. ; 

The 10 chimpanzees received 20 trials, wherein the 
Position of the positive breads was randomly arranged 
by the Gellermann (4) series, and they could choose 
either the red or green bread. Correction was allowed. 
Red was positive for five of the animals, and green for 
the other five. 


oximately 2 cm. square 
n with vegetable dyes. 
ith saccharine, others 


pair of preliminary ex- 


s received a series of 


i ials a day. They were started 
isticated rhesus 


or them. The second day 
tional red-green dis- 


the same way as the spider 

except that red was positive fi 
they were switched to the conven 
crimination procedure, using red 
plaques covering food wells, with a peanut under the 


red plaque. On day 3, uncolored squares of bread 
flavored the same way as the original colored breads; 
were placed in the food wells, which were then covered 
with red transparent celluloid over the positive white 
piece of bread, and green celluloid over the negative 
white piece of bread. The pieces of bread were clearly 
visible and, of course, they appeared red and green 


TABLE 1 
Chimpanzees: Discrimination of Colored Bread 


RR 
Art 1 Red | Mars 0 Green 
Fanny 0 Green | Pan 2 Green 
Flora 0 Red | Portia 2 Red 
Jojo 1 Red | Rob 0 Red 
Lia 0 Green | Sinbad 1 Green 
TABLE 2 
Monkeys: Discrimination of Colored Bread 
ERRORS 
MONKEY I past Bags TONE 
CONTROL 
TRIALS TRIALS 
Spider 1 0 Green 
Sophisticated Rhesus 1 0 Green 
Naive rhesus 1 0 0 Red 
Naive rhesus 2 0 0 Red 
Naive rhesus 3 1 0 Red 
TABLE 3 
Monkeys: Color Discrimination with Various 
Techniques 
Error in 25 Trials 
COLORED CONVEN- TRANSPARENT 
N US 
sunyect | (9-25 Trials) (26°30 Trials) | (51-75 Trials) 
Naive 1 0 (0%) | 14 (56%) |11 (44%) 
Naive 2 0 (0%) | 13 (52%) | 9 (36%) 
Naive 3 1 (4%) |15 (60%) | 12 (48%) 
ae 
PASTED ADJACENT COVERING 
STIMULUS STIMULUS STIMULUS 
suBJECT 76-100 (101-125 (126-150 
‘rials) Trials) Trials) 
Naive 1 o (0%) |11 (44%) | 0 (0%) 
Naive 2 0 (0%) | 10 40%) | 0 (0%) 
Naive 3 0 (0%) | 12 48%) | 0 0%) 


respectively. The fourth day small red and green squares 
of celluloid the same size as the bread were pasted upon 
the bread. On the fifth day these celluloid squares were 
Jaid about 1 mm. in front of the white bread squares 
so they were between the monkey and the bread, and 
on the sixth day they were again placed upon the bread 
(though not pasted this time). 

The animals received all the training in their home 


cages. 
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RESULTS 


Results for the chimpanzees can be seen in 
Table 1. Five of them made no errors in 20 
trials, three made 1 error, and two made 2 
errors. It must be remembered that these 
animals all received one preliminary ex- 
perience which revealed to them the nature of 
the stimuli. Learning was essentially in one 
trial. 

Table 2 shows the results of the same 
experiment with monkeys. Two of the naive 
monkeys made no errors and the other three 
monkeys made one error each in the first 20 
trials. In addition they received five control 
trials where both red and green breads were 
unflavored. Like the chimpanzees, they learned 
in a single trial. None of the monkeys made 
any errors (that is, chose the originally 
negative bread) in the control trials. 

Table 3 shows what the three naive monkeys 
did on the remaining tasks. On the first day 
with colored bread they consistently chose 
the red bread. The second day they were 
switched to a conventional red-green dis- 
crimination to see if they would transfer their 
predominant choice of red. Not only did they 
not transfer, but if anything they chose 
slightly in the opposite direction. 

On the third day, white pieces of bread were 
placed in the food wells and covered with the 
red and green pieces of celluloid. While 
performance is slightly better on this day, it is 
still not very far from chance. Note that here 
the animals saw red and green pieces of bread 
just as they did on day 1. Perhaps their 
inferences about color constancy were inter- 
fering with their performance. 

On the fourth day small squares of celluloid 
the same size as the bread were pasted to the 
bread. Again visible to the animals were red 
and green squares of bread, and not one 
monkey made a single error in 25 trials. The 
following day, instead of covering the bread, 
the celluloid was laid next to it. With this the 
scores reverted to chance. 

On the sixth day the procedure of the 
fourth day was repeated, but this time the 
plates were only laid upon the bread, not 
pasted to it. Again there were no errors. 


DISCUSSION 


These results may have some practical 
significance for the training of primates in 
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visual discriminations, and theoretical sig- 
nificance regarding the nature of perception 
and attention in these animals. 

There is no record in the previous literature 
of such rapid color discriminations in naive 
primates, with the possible exception of Franz’s 
work. It seems clear to this author that 
inducing learning sets for displacing stimuli 
covering food wells is not the only way to get 
rapid discrimination of relevant stimuli. 


CONCLUSIONS 

The results show that the animals could 
very quickly see the relation between the 
relevant stimuli and the reward when presented 
with the situation in a certain way. They are 
able to see the relation between proper color 
and reward within a few trials with colored 
bread, but only after a great many trials with 
colored plaques. While the present experiment 
does not examine the parameters involved in 
detail, it suggests that spatial and temporal 
proximity of cue to reward may play 4? 
important role in rapidity of discrimination. 

In summary, this experiment demonstrated 
that experimentally naive primates could make 
color discriminations after only one or tW° 
trials, whereas the usual techniques, utilizing 
the Kliiver form board, require relatively 1008 
periods of training. 
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PERCEPTUAL DIFFERENTIATION IN THE COURSE OF NONDIFFERENTIAL 
REINFORCEMENT 


M. E. BITTERMAN, ALLEN D. CALVIN, AND CLAUDE B. ELAM 


University of Texas 


From the assumption that habit strength 
grows as a negatively accelerated function of 
the number of reinforcements, it follows that 
the rate at which a difference in strength 
between competing response tendencies de- 
velops should be inversely related to the 
initial strengths of the separate tendencies. 
In his latest volume Hull has worked out this 
deduction for a simple trial-and-error situation 
in which “The two stimuli ... are very 
similar and the responses ...are different 
though they often involve substantially the 
same muscles” (4, p. 23).! Hull analyzes two 
hypothetical examples, Case I (sEr+ = sEr- = 
2.50) and Case II (sEr+ = sEr- = 4-50); his 
computations show that 25 trials are required 
to reach a .978 dominance of sEr+ in the 
second case as compared with only 10 trials 
in the first. Evidence in support of this 
deduction has been provided by Siegel (9) in 
an experiment with rats in a T maze and by 
Maltzman and Morrisett (7) in an experi- 
ment on the solution of anagrams by human 
Ss. As Siegel noted, such data are difficult to 
reconcile with the concept of perceptual 
learning, since increased experience with a 
situation should, all other things equal, 
provide greater opportunity for perceptual 
development. It may be noted, however, that 
in both these experiments Ss were confronted 
primarily with problems of response selection. 
The experiments to be reported here involved 
a discriminative situation in which the primary 
task was perceptual differentiation. 


EXPERIMENT I 


Method 
Subjects. Thirty naive albino rat: 
laboratory from Wistar stock were studi 
Were between three and four months o! 
Binning of the experiment. 
_ Apparatus. A conventional two-window Lashley 
Jumping stand was employed. Behind the windows 
Was a feeding platform, and below them was & cloth 
1 The same logic applies to cases in which either 
the two stimuli or the two responses are identical. 


s bred in the 
ed. The animals 
Id at the be- 
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net into which the animals fell after each incorrect 
response. The entire apparatus was painted flat black. 
The stimulus cards used in the experiment were as 
follows: two homogeneous mid-gray cards, and four 
black-and-white striped cards (stripe width =1¢ in.) 
of which two were vertically and two horizontally 
striped. 

Preliminary training. The animals were maintained 
on a 24-hr. feeding schedule throughout the experi- 
ment. During the first week of training they were 
handled and fed on the feeding platform of the ap- 
paratus. Then they were taught to jump gradually 
increasing distances (to a maximum of 9 in.) from the 
jumping platform to the open windows. Manual 
guidance was employed to ensure equal experience 
with both windows. At the conclusion of the preliminary 
training the animals were divided into three groups of 
ten each which were matched for flexibility displayed 
in the open-window situation. 

Stage I. In the first stage of the experiment all 
animals were given 12 reinforced trials per day for a 
period of 10 days. For group I the gray cards were 
used, and manual guidance was employed to ensure 
an equal number of reinforcements for responses to 
each window. Groups IT and III were trained with the 
horizontal and vertical cards, but for group II the 
cards were presented in successive configurations (either 
two horizontals or two verticals on each trial) while 
group III was trained with simultaneous configurations 
(either vertical-horizontal or horizontal-vertical on 
each trial). The number of reinforcements on each 
card and each window was equated by manual guid- 
ance. For each animal in each of the three groups half 
the trials were free and half forced, and each jump was 
rewarded with a nibble of wet mash. 

Stage II. Following the ten days of nondifierential 
reinforcement in Stage I, all animals were trained on a 
simultaneous discrimination between horizontal and 
vertical cards. For half the animals in each group the 
vertical card was positive, while for the remaining 
animals the horizontal card was positive. The position 
of the positive card was alternated in accordance with 


selected Gellermann orders (3). Ten trials per day 
were given by the correction method. Each trial con- 
sisted of a series of one or more Jumps terminating 
with a correct response. The animal was permitted a 
maximum of three errors on any trial, after which it 
was manually guided in the correct direction. The 
criterion of learning was two successive errorless days. 


Results 
In Figure 1 the course of learning in the 


three groups is plotted in terms of initial 
errors. The curves show comparable rates of 
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learning in groups I and II, while group III 
learns more rapidly than either of the other 
two. In Table 1 the results for the three groups 
on the horizontal-vertical problem are sum- 
marized in terms of three measures: initial 
errors, total errors, and days. Differences 
among the groups were statistically evaluated in 
terms of Wilcoxon’s test for unpaired deviates 
(13). No significant differences appeared 
between groups I and II in terms of any of 
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TABLE 1 
Learning Scores for the Three Groups on the Simul- 
taneous Horizontal-Vertical Discrimination 
(Experiment I) 


GROUP 
SCORE 
I | Ir mI 
Mean initial errors 16.4 | 16.6 8.6 
Mean total errors 30.3 27.7 14.4 
Mean days 7.2 8.0 5.0 


the three scores. Group III made significantly 
fewer initial and total errors than did group I 
(p < .01), and its performance was superior to 


that of group II in terms of all three measures 
(p < .01). 


Discussion 


These results fail to support predictions 
made from the concept of a continuous, 
negatively accelerated growth of habit strength 
as a function of frequency of reinforcement. 
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From that concept it would be deduced (a) 
that groups IT and III should perform equally 
well (since both had received the same number 
of reinforcements on each card in each position 
during Stage I) and (b) that the performance 
of group I (which had not been previously 
reinforced on the striped cards) should be 
better than that of the other two groups. 
Neither deduction was confirmed. 

The superiority of group III as compared 
with group I suggests that a significant amount 
of perceptual differentiation occurs in the 
absence of differential reinforcement. ‘This 
result represents an extension of Lawrence’s 
findings on the “acquired distinctiveness of 
cues” (5, 6), although it cannot be explained 
in terms of the theoretical formulation pro- 
posed by Lawrence—the components dis- 
criminated by group III in Stage II were not 
differentially reinforced in Stage I, nor were 
they constituents of differentially reinforced 
compounds. 

The superiority of group III as compared 
with group II and the lack of a significant 
difference between groups II and I, taken 
together, suggest that the differentiation 
which took place in group III was largely 
configurational in character (11, 14). In his 
latest work, Hull (4, p. 94) has considered the 
hypothetical operation of process-trace COM- 
pounds in two-choice as contrasted with 
one-choice discriminative situations, but the 
configurational effects here obtained cannot be 
accounted for in these terms. Since the process- 
trace compounds differentially reinforced in 
the second stage of the experiment (i.e 
horizontal process compounded with vertical 
trace and vertical process compounded with 
horizontal trace) had greater initial strength 
for group III than for group II, a positively 
accelerated growth of habit strength would 
have to be postulated to account for the 
superiority of group III. , 

In order to provide more general information 
on the configurational effects studied in the 
first experiment, a second experiment was 
undertaken in which animals were trained as 
before but tested with a successive discrimina- 
tion. For the purpose of more effective com- 
parison of the results, the two studies ran 
concurrently, and the animals employed in 
both were drawn from the same litters. 


| 
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EXPERIMENT II 
Method 


Subjects. Thirty naive albino rats bred in the 
laboratory from Wistar stock were studied. They 
ranged in age between three and four months at the 
beginning of the experiment. 

Apparatus and procedure. The conditions of Experi- 
ment II were identical with those of Experiment I 
except that all groups were trained on a successive 
horizontal-vertical discrimination in the second stage. 
The numbers of the three new groups correspond 
functionally with those of the first three; that is, the 
two sets of numbers designate similar relations between 
Stage I and Stage II conditions. Thus, in the second 
experiment group I was shifted from grays to the suc- 
cessive stripe discrimination; group II from simultane- 
ous presentation to the successive discrimination; and 
group III from successive presentation to the successive 
problem. 


Results and Discussion 


The course of learning in the three groups, 
plotted in terms of initial errors, may be seen 
in Figure 2. These curves show the same 
general trends as do those of the previous 
experiment (Fig. 1). Mean scores for the three 
groups (initial errors, total errors, and days) 
are shown in Table 2. Again in the second 
experiment there were no significant differences 
between groups I and II, while group III made 
significantly fewer initial errors (p < .01) and 
total errors (p < .02) than did group I. In 
the second experiment, unlike the first, 
however, the performance of groups II and 
III did not differ significantly, although the 
differences were in the same direction (just 
short of the .05 level for both initial errors 
and total errors by Wilcoxon’s nonparametric 
method). The skewed error distributions did 
not warrant use of a more sensitive test. 

Because of the similarity between the 
results of the two experiments, the two sets of 
data were combined to provide a more general 


Picture. In Table 3 the results for combined 


groups are summarized in terms of the three 


indices of learning. The performance of the 
combined group III is significantly superior 
(p < .01) to that of each of the other two 
8roups as measured by initial errors, total 
errors, and days. The performance of the 
combined groups I and II differs significantly 
(p < .05) only in total errors, the parton 
of group II being superior in this respect. = 
has already been noted in connection with = 
results of the first experiment, these dif- 


ferences contradict the assumption of a 
negatively accelerated growth of habit strength 
as a function of frequency of reinforcement— 
apparently nondifferential reinforcement 
facilitates rather than retards perceptual 
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Fic. 2. Learning curves for the three groups of 
Experiment II (successive horizontal-vertical discrimi- 


nation) 


TABLE 2 


Learning Scores for the Three Groups on the Successive 
Horizontal-Vertical Discrimination 


(Experiment II) 
GROUP 
SCORE 
I Il mI 
Mean initial errors 20.0 17.9 14.2 
Mean total errors 34.9 28.8 22.4 
Mean days 8.6 7.9 TA 
TABLE 3 
Learning Scores for Combined Groups (Experiments 
I and II) 
GROUP 
SCORE 
I Ii IIL 


18.20 | 17.25 | 11.40 
32.60 | 28.25 | 18.40 
7.90 7.95 6.05 


Mean initial errors 
Mean total errors 
Mean days 


differentiation. That this differentiation is 
dominantly configurational is evidenced by 
the significant differences between groups IT 
and III, which were equated for frequency of 
reinforcement on the two striped cards. The 
difference between groups I and II in terms of 
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total errors suggests, however, that some 
horizontal-vertical differentiation may develop 
independently of configuration in the course of 
nondifferentially reinforced experience with 
the cards. These findings require a theoretical 
approach quite different from that provided 
by neo-Pavlovian theory. 


SUPPLEMENTARY FINDINGS ON SIMULTANEOUS 
VS. SUCCESSIVE DISCRIMINATION 


The experiments thus far reported and 
additional tests with the same animals provide 
some interesting data on the relative difficulty 
of simultaneous as compared with successive 
discrimination. Spence (10) accounts for solu- 
tion of the successive problem in terms of the 
concept of compounding and is therefore led 


TABLE 4 


Relative Difficulty of Two Simultaneous and Successive 
Problems 


MEAN INITIAL ERRORS 


Horizontal- 


Vertical Circle Size 
Simultaneous 13.9 12.2 
Successive 17.4 12.8 
Diff. 3.5* -6 


* Significant beyond the .01 level of confidence by the nonpara- 
metric Mann-Whitney U test (8), 


to the conclusion that the successive problem 
must be more difficult than the simultaneous. 
Although this conclusion is supported by the 
results of some experiments from Spence’s 
laboratory, the experimental conditions em- 
ployed in two other recent experiments have 
led to precisely the reverse outcome, Le. 
greater difficulty of the simultaneous problem 
(2, 12). 

Since the present experiments differed only 
in the second stage—the animals were trained 
on a simultaneous problem in Experiment I 
and on a successive problem in Experiment 
II—they provide additional data on the 
relative difficulty of the two types of problem. 
Although the performance of each group of 
Experiment I was superior to that. of the 
corresponding group of Experiment II, only 
the difference between the III groups was 
statistically significant (p < .01) by Wilcoxon’s 
test for unpaired replicates (13). As may be 
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seen from Table 4, when the three groups of 
each experiment are combined, the animals of 
Experiment I are found to make significantly 
(p < .01) fewer errors on the simultaneous 
problem than do the animals of Experiment II 
on the successive problem. , 
When each animal had reached criterion on 
the horizontal-vertical discrimination, it was 
trained by the same method on a discrimina- 
tion between two circles (white on black 
grounds) differing in diameter (1 in. and 4 
in., respectively). The animals which had 
previously learned the simultaneous stripe 
problem (Experiment I) were trained on the 
simultaneous circle problem. Those which had 
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previously learned the successive stripe per 
lem (Experiment II) were trained on t? | 
successive circle problem. The performance a 
the two groups on the circle discrimination 1 
plotted in Figure 3. As may be seen we 
Table 4, the difference in error scores did as 
approach significance. This result may Pe 
understood in terms of the operation a 
qualitatively distinct levels of perceptua 
organization in two-choice problems i 
Although within-pairs, as compared with 
between-pairs, differentiation seems to be 
facilitated in situations requiring direct ap- 
proach to the stimulus objects—which ac 
counts for the initially greater difficulty of the 
successive problem—the difference between 
the two kinds of problem disappears after 4 
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between-pairs set has been established. The 
present findings may be added to the list of 
others (1) which fail to support Spence’s 
theory. 


SUMMARY 


Three groups of rats were trained in a two- 
window jumping apparatus for a period of ten 
days during which time all jumps were 
rewarded. One group was trained with a pair 
of identical mid-gray cards, while the others 
were trained with horizontally and vertically 
striped cards. Of these groups, one encountered 
the cards in simultaneous configurations 
(horizontal-vertical and vertical-horizontal) 
and the second experienced the cards in 
successive configurations (horizontal-horizon- 
tal and vertical-vertical). In Experiment I 
half of the animals in each group then learned 
a simultaneous discrimination between the 
striped cards, and in Experiment II the 
remaining half of the animals learned a 
successive stripe discrimination. The following 
results were obtained: Animals trained on one 
set of stripe configurations and tested on the 
other made significantly fewer total errors than 
did the animals trained on gray cards. Animals 
trained and tested on the same configurations 
were markedly superior to the other two 
groups in terms of all measures of performance. 
These results fail to support predictions 
based on the assumption of a negatively 
accelerated growth of habit strength as 2 
function of frequency of reinforcement. Sup- 
plementary findings on the relative difficulty 
of simultaneous and successive problems are 


reported. 
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THE ROLE OF GENERALIZED APPROACH AND AVOIDANCE TENDENCIES IN 
BRIGHTNESS DISCRIMINATION 


M. U. ENINGER 
Carnegie Institute of Technology 


The major purpose of the present study was 
to verify a specific deduction concerning the 
role of generalized approach and avoidance 
tendencies in brightness discrimination learn- 
ing. In a discrimination problem of the 
simultaneous cue presentation type, any 
condition which prevails to facilitate choice of 
the positive cue and rejection of the negative 
cue should promote more rapid discrimination. 
Similarly, any condition which prevails to 
facilitate rejection of the positive cue and 
choice of the negative cue should retard 
discrimination until the effects of that con- 
dition have been overcome. The present study 
concerns the role of primary stimulus generali- 
zation under conditions which facilitate and 
retard discrimination learning according to 
the above two possibilities. 

The theoretical expectations derive from 
three assumptions. The first of these concerns 
the acquisition of the capacity to elicit ap- 
proach behavior by a neutral stimulus. Ac- 
cordingly, whenever a neutral stimulus, e.g., 
one which elicits neither approach nor 
avoidance behavior consistently, is repeatedly 
experienced in close association with reward, 
the stimulus acquires the capacity to elicit 
approach behavior. The assumption is es- 
sentially Hull’s (1) principle according to 
which neutral stimuli acquire the property to 
function as secondary reinforcers. A distinc- 
tion, however, should be made in the possible 
functions of such stimuli in behavior situa- 
tions. Where the stimulus functions to es- 
tablish and strengthen new S-R associations, it 
may be said to play a reinforcement role. 
Where the stimulus functions to elicit approach 
behavior only, it may be said to play a derived- 
incentive role. Such stimuli need not fulfill 
both functions in all situations. 

The second assumption concerns the 
acquisition of the capacity to elicit avoidance 
behavior by a neutral stimulus. Accordingly, 
whenever a neutral stimulus is repeatedly 
experienced in close association with frustrative 


nonreward, the stimulus acquires the capacity 
to elicit avoidance behavior. Finally, Hull’s (1) 
principle of primary stimulus generalization, 
Somewhat modified, provides the third as- 
sumption. Stated generally, the assumption is 
this: to the degree that other stimuli are 
similar to stimuli that have acquired the 
capacity to elicit either approach or avoidance, 
to that degree will they also elicit either 
approach or avoidance. 2 

From these assumptions it follows that if 
the positive cue is similar in brightness to the 
reward goal box, in which drive reduction in 
the form of food reward is experienced, and if 
the negative cue is similar in brightness to the 
nonreward box, in which drive intensification 
in the form of frustrative nonreward is €x- 
perienced, the positive and negative cues will 
elicit approach and avoidance tendencies 
respectively. It follows that discrimination 
learning should be facilitated. In a similar 
manner, if the positive cue is similar 1? 
brightness to the nonreward box and the 
negative cue is similar to the brightness of the 
reward goal box, the positive cue will elicit, 
for a time at least, avoidance tendencies, an 
the negative cue will elicit, for a time at least, 
approach tendencies. Relative to the first 
condition, discrimination learning should be 
retarded. 

The primary purpose of the study was to 
test this deduction. A secondary purpose Was 
to obtain data pertinent to the continuity- 
noncontinuity issue in a more direct manner 
than that involved in previous studies related 
to this issue. 


: METHOD 
Subjects 


The Ss were 20 female, hooded rats from the colony 
of the department of psychology and education at the 


Carnegie Institute of Technology. They ranged in age 
from 90 to 120 days at the beginning of the experiment. 


Apparatus 


The apparatus consisted of two units, a straight 
runway used during preliminary training and a single- 
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APP. 
ROACH AND AVOIDANCE TENDENCIES IN BRIGHTNESS DISCRIMINATION 


uni i 
A See used during the discrimination training. 
The tn e T maze is presented in Figure 1. 
SAN naze was constructed of wooden pathways 
N Sa and covered with panels of Plexiglas. A 
rae pi door separated the starting box from 
of tie te he maze. The arms of the maze consisted 
coven nsversely sliding units with three separate 
ate me ported flat black, medium gray, and gloss 
ae pectively. These stem units could be manip- 
so that any one of the three differentially 
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to arrange rapidly various combinations of arm 

= i 1 N n pathway 
A box brightnesses on either side of the choice 
i Deep-grooved, guillotine-type d v i 
into the goal boxes and faced oe ee 
discrimination training, these doors were opened cate 
after a choice-point response had been made in ae 
to prevent the differentiated interiors of the goal 
boxes from influencing a choice-point response. The 
goal boxes were covered with panels of hardware cloth 


Fic. 1. Three-dimensional sketch of apparatus 


ould be in position between the 
he entrance of either goal box. 
A second guillotine-type door was located at the choice 
Point. It was constructed in the form of an inverted 
T, with the flat back of the T facing the stem runway. 
It prevented the Ss from retracing the maze after a 
Choice-point response. 
The end boxes consisted of two units, 
aze, and a plywood 


detachable from the arms of the m: 
insert which functioned as the goal box proper. The 


shell interiors were unpainted, ‘and the interiors of 
the inserts were a flat black and a gloss white, respec- 
tively. This shell-insert construction in combination 
with the transversely sliding arm units enabled the E 


Painted runways W 
maze choice point and t 


as provided by five 100-w. 
the arm and goal-box units 
sion screen separated E 


Maze illumination W 
lights located 3 ft. above 
of the maze. A one-way vi 


from the maze. 
c beam was so angled that it cut across 


A photoelectri 
one of the arm units, continued across the stem path- 
way approximately 1 in. from the starting-box door, 
and then cut across the second arm unit. This arrange- 
ment enabled Æ to time the interval between entry 
into the stem pathway and entry into one of the arm 
cue alleys. Interruption of the stem beam caused a 
clock to start, and interruption of either arm beam 


stopped the clock. 
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Preliminary Training 


All Ss were placed on a 23-hr. food-deprivation 
schedule five days before preliminary training began. 
This schedule was maintained for the duration of the 
experiment. Preliminary training began in the straight 
runway. All Ss were given five food-reinforced trials per 
day for six successive days. The purpose of this phase 
of the training was to acquaint the Ss with the goal- 
box environment and to establish a running-for-food 
habit. 

Preliminary training continued in the T maze. All 
Ss were given five forced trials per day to each goal 
box on the seventh and eighth days. The Ss were run 
through the neutral gray arm pathway into the un- 
painted end boxes. All trials were food reinforced. A 
single-alternation pattern was used. The pattern was so 
initiated that the last forced trial on the eighth day 
was to the side opposite that which was correct for the 
first discrimination-training trial. The purpose of this 
phase of the training was to acquaint the Ss with the 
static conditions of the T maze and to provide an 
equal number of food-reinforced experiences with both 
end boxes. 


Discrimination Training 


The Ss were randomly assigned to the following 
four experimental groups: 

Group I. The discrimination required Ss to choose 
the white pathway which led to food reinforcement in 
the white goal box in preference to the alternative 
black pathway which led to no food reward in the 
black goal box. Thus, the brightness of the food- 
reward goal box was essentially the same as that of 
the positive-cue pathway, and the brightness of the 
nonreward goal box was the same as that of the nega- 
tive-cue pathway. 

Group II. The discrimination problem required Ss 
to choose the black pathway which led to food reward 
in the black goal box in preference to the alternative 
white pathway which led to no food reward in the 
white goal box. Thus, as with group I, the brightness 
of the food-reward goal box was essentially the same 
as that of the positive-cue pathway, and the brightness 
of the nonreward goal box was the same as that of the 
negative-cue pathway. 

Group III. The discrimination problem required 
Ss to choose the white pathway which led to food 
reward in the black goal box in preference to the black 
pathway which led to nonreward in the white goal 
box. Thus, unlike the condition prevailing for groups 
I and II, the brightness of the food-reward goal box 
was essentially the same as that of the negative-cue 
pathway, and the brightness of the nonreward goal 
box was the same as that of the positive-cue pathway. 

Group IV. The discrimination problem required Ss 
to learn to choose the black pathway which led to food 
reward in the white goal box in preference to the white 
pathway which led to nonreward in the black goal box. 
Thus, again unlike the condition prevailing for groups 
I and II, the brightness of the food-reward goal box 
was essentially the same as that of the negative-cue 
pathway, and the brightness of the nonreward goal 
box was the same as that of the Positive-cue pathway. 
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Except for the above conditions, the procedure was 
the same for each of the four groups. Running under a 
23-hr. food-deprivation schedule, all Ss were given 10 
trials per day, for which the correct food-containing 
goal box was located successively L (left), R (right), 
R, L, L, R, R, L, L, R. On alternate days the mirror 
image of this pattern was employed. 

A choice was defined as body-length entry into an 
arm pathway. Correction was not permitted. If correct, 
the Ss were allowed 20 sec. to consume the pellet of 
food before being returned to the intertrial waiting 
cages. If incorrect, they were detained for the same 
time period in the nonreward goal box. The intertrial 
interval of approximately 5 min. was used. The criterion 
of learning was 18 correct trials out of a block of 20. 
A block of 20 trials was defined as the 20 trials involved 
in two successive days’ training. = 

Although a learning criterion was adopted, all Ss 
were given 50 trials beyond the point of first reaching 
criterion performance. Upon the completion of these 
50 additional trials, the discrimination problem was 
reversed for each S. Accordingly, the heretofore post- 
tive-cue alley led to no reward, whereas the heretofore 
negative-cue alley led to food reward. Training con- 
tinued until the criterion of 18 correct trials out of & 
block of 20 was reached. All trials during the reversal 
phase were timed to approximate choice time. The 
time data are relevant to the continuity-noncontinuity 
issue. 


RESULTS AND DISCUSSION 

The mean number of trials to criterion for 
the combined groups I and II, for which the 
brightness of the food-reward goal box was 
essentially the same as that of the positive-cue 
alley, and the brightness of the nonreward box 
was essentially the same as the brightness O 
the negative-cue alley, was 35.0. The mean for 
the combined groups III and IV, for which 
the brightness conditions were the converse, 
was 86.0. A ¢ approximation test described by 
Snedecor (3, p. 83) indicated the difference to 
be significant between the .01 and .02 levels 
of confidence (¢ = 3.02). The results are 
according to theoretical expectation. Pre- 
Sumably, the brightnesses of the reward and 
nonreward end boxes acquired approach- and 
avoidance-eliciting value, respectively, as 2 
result of association with conditions of need 
reduction and frustration, respectively. The 
approach- and avoidance-eliciting properties 
then generalized to similar brightnesses in the 
cue alleys. The resultant condition favored 
approach to the positive-cue alley and avoid- 
ance of the negative-cue alley by groups I and 
I, thereby facilitating discrimination learn- 
ing. For groups III and IV, the resultant 
condition favored avoidance of the positive- 
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cue alley and approach to the negative-cue 
nig thereby retarding discrimination learn- 
ng. 

The results are significant for methodological 
as well as theoretical reasons. They indicate 
how choice-point behavior may be influenced 
by generalized approach and avoidance 
tendencies. Such conditions may prevail in 
discrimination studies without the knowledge 
of the experimenter. It has been observed, for 
example, by Hull (2) and others that when 
the positive cue is brighter than the negative 
cue, discrimination proceeds more rapidly 
than when the reverse brightness relationship 
Prevails. The observation provides, in part, the 
basis for Hull’s stimulus intensity dynamism 
construct. It is a characteristic condition of 
these studies, however, that the brightness of 
the reward goal box is more similar to the 
brightness of either the positive or negative 
cue. Depending upon the nature of the bright- 
ness similarity relationship, discrimination 
learning may be either facilitated or retarded, 
according to the theoretical interpretation 
above. 

The results also have a bearing on the 
“relational” vs. “specific stimulus” issue in 
discrimination theory. The former essentially 
interprets discrimination learning as reaction 
not to the specific properties of the stimuli to 
be discriminated, but to the relationships 
inherent in the total stimulus complex. The 
latter stresses reactions to the specific 
properties of the stimuli to be discriminated. 
In the present study, the brightness relation- 
ship between positive- and negative-cue alleys 
was constant for all groups. The results are 
consequently not in accord with “relational” 
theories of discrimination learning as presently 
formulated. 

The data obtained from the reversal train- 
ing concern the continuity-noncontinuity issue. 
During reversal training, the Ss went through 
three distinct phases. In the first phase, all Ss 
Continued to choose, as one would expect, the 
heretofore positive-cue alley, which led to no 
reward under the reversal condition. This 
phase terminated abruptly into a position 
habit phase which, when broken, was followed 
quickly by criterion performance. (It is what 
occurred during the position habit phase that 
bears on the continuity-noncontinulty issue.) 


The reader will recall that running times were 
clocked in a manner to approximate choice- 
point times. Thus, during the position habit 
phase, there were running times for the trials 
on which the Ss ran through the incorrect-cue 
alley and through the correct-cue alley. A 
comparison of these two kinds of running 
times is shown in Figure 2. The two gradients 
consist of the median values for the running 
times, taken in blocks of two trials, for the 
trials which preceded the position habit 
break. The latter was defined as the first run 
which broke a beyond-chance succession of 
position runs. The solid line gradient shows a 
gradual increase in running times for the non- 
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rewarded runs of the position habit. The 
highest point of this gradient represents the 
median running time for the two incorrect 
runs just preceding the position habit break; 
the next point represents the median value 
for the two previous incorrect runs, and so on 
e covered. The dashed-line 


until all the points ar 
gradient shows @ tendency toward a decrease 


in the running times for the rewarded runs of 
the position habit. The significance of these 


two gradients is that the continuity of the 


discrimination process becomes directly ap- 
parent when instead of observing the correct- 
ness or incorrectness of the response, a more 
sensitive response measure, as choice time, is 
observed. The results are more in accord with 
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“specific stimulus” discrimination theories of 
the type first formulated by Spence (4), 
which imply the continuity point of view. 


SUMMARY 


The purpose of the study was to verify a 
specific deduction concerning the role of 
generalized approach and avoidance tendencies 
in brightness discrimination learning. A group 
of Ss for which the brightness of the positive 
cue was similar to the brightness of the reward 
goal box and for which the brightness of the 
negative cue was similar to the brightness of 
the nonreward goal box learned the brightness 
discrimination more rapidly, in accordance 
with theoretical expectation, than a group of 
Ss for which the brightness of the positive cue 
was similar to the brightness of the nonreward 
goal box, and for which the brightness of the 
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negative cue was similar to the brightness of 
the reward goal box. 

Analysis of the running times of the Ss 
during reversal training concerned the con- 
tinuity-noncontinuity issue. The data gave 
direct support to the continuity point of view 
rather than support by inference, as has been 
the case of reversal training studies designed 
for this theoretical issue. 
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A GRADIENT OF REINFORCEMENT OBTAINED FROM A COMPLEX 
DISCRIMINATION PROBLEM 


BOYD L. MATHERS! 


University of Minnesota 


Fr ce ge obtained by Perin (11) with the 
tiall s of secondary reinforcement substan- 
Aie y Ea zero at 34 sec. This was 
Hull. oe gradient of reinforcement” by 
the (8), who made a distinction between 
sf “ results and those obtained in the studies 
Hamilton (5) and Wolfe (14). The latter 
etained the “goal gradient” term of Hull’s 
earlier formulation (7). 
b Much of the recent work in this area has 
“age done under the direction of Spence. In 
T analysis of the problem Spence (13) 
oe that secondary reinforcement has 
a Alia adequately eliminated in previous 
j ies. For example, the lever-pressing re- 
Toup in Perin’s study (11) was sufficiently 
ifferent from other responses that proprio- 
Ceptive cues from it could become secondarily 
reinforcing. 
Ri early Iowa study on this problem is 
that of Perkins (12) using a T maze. The floor 
and top of the maze were constructed of opal- 
flashed glass. External cues were controlled by 
noming the position of the delay boxes. 
i ut according to Spence (13), learning could 
have been on the basis of proprioceptive cues. 
A more direct development of the Spence 
Doint of view is found in an experiment of 
Grice (4) using a discrimination box with the 
entrance to the alleys painted black or white. 
Each stimulus color appeared equally often 
on each side. The gradient obtained is very 
short, becoming asymptotic at approximately 
10 sec. Grice (4) concluded that the visual 
stimulus trace of the black and white may have 
been differentially rewarding. 
The discrepancy between the gradients of 
Grice (4) and Perin (11) and the hypotheses of 
Hull (8) and Spence (13) indicates the need for 
further information regarding this principle. 
The present study was designed to provide 


1A thesis submitted in partial fulfillment of the 
requirements for the Master of Arts degree, University 
of Minnesota. The author wishes to express his ap- 
Preciation to Dr. W. T. Heron, under whose direction 


the study was done. 


additional data on the gradient obtained under 
conditions providing no differential secondary 
reinforcers. The method used was recently 
developed by Heron (6) and is believed to 
provide better control of secondary reinforce- 
ment than has been used heretofore. It not 
only meets the Spence (13) criterion but goes 
further by using each stimulus as positive and 
negative cue, thus negating Grice’s (4) criticism 
in so far as it applies to this study. The 
method consists of learning a black-white 
discrimination simultaneously with the dis- 
crimination of internal stimuli and will be 


described in detail later. 
METHOD 
Animals 


Forty-eight female albino rats of the Sprague- 
Dawley strain were used. The average age at the be- 
ginning of the experiment was 100 days (range 85 to 
110). They were divided into four groups of 12 each 
and were delayed 0, 5, 10, and 20 sec., respectively. A 
criterion of learning which corresponded to 90 per 
cent (nine or more correct responses for four consecu- 
tive days) was to be used and was reached by 1 animal 
in the 0-, 5-, and 20-sec. groups and by 2 in the 10- 
sec. delay group. Three other animals were eliminated 
because of sickness. Since so few animals reached the 
criterion, it was decided to run the remaining 40 ani- 
mals for a total of 1,000 trials each, regardless of pro- 
ficiency. There were 11, 10, 8, and 11 such Ss in the 
delay groups 0, 5, 10, and 20 sec., respectively. 


Apparatus and Procedure 
The apparatus consists of a Y-shaped maze with 

f delay and goal alleys. The rat 
was placed in the stem of the Y from which it passed 
is point it passed under 


to the choice point. From this pol i 
either a white or black curtain which was hung 1g in. 


in front of the doors to the d 
ble so that their position could be 
changed. All alleys are 3} 
and painted a neutral gray. T! 


doors to set ) 
maze. The stem of the Y is covere 


choice chamber with c 
goal alleys with frosted glass. A 10-w. electric bulb 20 


jn. above the choice point provided the only illumina- 
tion in the experimental room. 

Five days before the experiment proper, the animals 
were placed on a 24-hr. maintenance schedule, receiving 
food and water only once each day. 
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Preliminary training consisted of exploring a straight 
path resembling the maze for 5 min. a day for three 
days. 

When white was to be the positive stimulus during 
the learning trials, water was placed in the living cages, 
and when black was to be the positive stimulus, food 
was placed in the living cages 1 hr. before the day’s 
trials were to be run. On days of water deprivation, a 
black choice was rewarded with water, and on days 
of food deprivation, a white choice was rewarded with 
food. The position of the white and black stimulus 
curtains and the days of food or water deprivation 
were varied according to a prearranged sequence 
(abaababbab, abbabaabab, or ababbabaab). The first 
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Fic. 1. Learning curves for the four groups 


correct trial of the day appeared equally often on each 
side. The animals were run ten trials a day and re- 
ceived either food or water, never both, on completion 
of the day’s run. The food was ground Purina Chow 
mixed with just enough water, approximately 1 cup 
per pound of dry food, to hold it together and permit 
swallowing. When the food was changed from one goal 
box to the other, the spilled food was carefully removed 
with a damp cloth to prevent the rat from obtaining 
reinforcement. Although the food was removed, the 
odor remained so that both goal boxes smelled of food. 
The work done in olfactory discrimination indicates 
that a discrimination of the minute intensity difference 
here involved is extremely doubtful. 

F |The noncorrection method was used, and the trials 
were separated by the time required to run the rest 
of the group. This varied from approximately 6 min. 
for the zero delay group to 12 min. for the 20-sec. 
delay group. The animal was considered to have made 
a response when the door to the delay compartment 
could be lowered behind S. Following the specified 
delay, the door to the goal box was raised, and the 
animal was allowed to enter and remain in the goal 
box for approximately 2 sec. The time spent with the 
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food in the goal box was set only as the time required 
for removal. When checked by a second individual, 
the time was found to vary less than 14 sec. For the 
zero delay group the door to the goal box remained 
closed until a turn had definitely been made at the 
choice point. 


RESULTS 


The learning curves presented in Figure 1 
reveal a tendency for the means to differ in 
the expected direction in spite of large day- 
to-day variations. 

A typical hunger and thirst curve is pre- 
sented in Figure 2 as an example of the relative 
performance on hunger and thirst days. All 
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Fic. 2. Learning curves of the 5-sec. delay groul 
acquired with deprivation of food or water 


groups did almost consistently better under 
hunger than under thirst motivation. An 
explanation in terms of simple interference 15 
rejected because the difference is consistently 
in the same direction, which could not result 
through interference alone. It seems more 
logical to assume that the use of slightly 
moistened food to reduce hunger reduced the 
thirst drive to a small degree, thereby, ac- 
cording to Hullian theory, lowering the 
excitatory potential and, consequently, the 
effective reaction potential on thirst days as 
compared with hunger days, A later study 
could presumably offset this methodological 
problem by increasing the period of thirst 
deprivation relative to food deprivation. 

The results of an analysis of variance (1) 
of the data are presented in Table 1. Each 
F is significant beyond the .01 level. We can 
conclude, therefore, that the experimental 
variable (delay difference) has produced sig- 
nificance between groups; that learning has 
occurred as shown by the difference between 
days; and that different groups did better on 
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opt days. The latter result, the inter- 
R ays X groups, was undoubtedly 

used by the groups’ doing better under 
hunger motivation than under thirst motiva- 
tion in combination with the fact that hunger 
and thirst days did not coincide for all groups. 
_ The analysis of variance gives no informa- 
tion as to the chief contributions to the 


TABLE 1 
Breakdown of the Analysis of Variance 
SOURCE OF VARIATION df ERE F 
Between groups 3 | 114.14 5.99** 
Between Ssin same group, 36 | 19.06 
Total between Ss 39 | 26.38 
Between days 99 | 24.92 8.67** 
Pays X groups 297| 6.91 | 2.40** 
Pooled Ss X days 3564 2.87 
Total within Ss 3960 3.73 
Total 3999 
** Signficant at the 01 level. 
TABLE 2 
Means and Standard Errors of the Delay Groups 
b Joas A 
GROUP MEAN SE N 
0 6.94 1.95 1100 
5 6.66 1.90 1000 
10 6.52 1.24 800 
20 6.17 02 1100 
5.00 1.58 1000 


ps = psa 


Chance 


between-groups variance, SO 1 ratios were 
calculated to provide additional knowledge. 
These results show all but one of the between- 
groups differences to be significant beyond the 
(001 level. The exception is the difference 
between the 5- and 10-sec. delay groups, whose 
probability falls between 05 and .10. 

There is a possibility that the animals may 
have learned on the first trial which stimulus 
was positive that day. This necessitated an 
analysis of the responses made on the first 
trials of each day. It was found that the 
0-, 5-, and 10-sec. delay groups did sig- 
nificantly better (at the ‘01 level) than the 
20-sec, delay group. All groups achieved a 
level of learning significantly better than 
chance expectancy (at the 01 level). 

A straight line was fitted to the mean 
number of correct trials per day presented in 
Table 2 by the formula y = 1.90 — .037%. 
This line reaches zero at about 52 sec. 
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DISCUSSION 


As indicated by the data, the animals 
learned two separate responses to different 
sets of stimuli. The more important stimuli 
which enter into the stimulus patterns are: 


San Internal stimuli associated with hunger depri- 
vation 

Si, Internal stimuli associated with thirst depriva- 
tion 

W, White curtain on the left side 

W, White curtain on the right side 

Bı Black curtain on the left side 

B, Black curtain on the right side 


The possible combinations of stimuli and 
their appropriate responses are: 


eating 
eating 
drinking 
drinking 


left-hand turn 
right-hand turn 
right-hand turn 
left-hand turn 


San Wi Br 
Sa W, Bi 
Sas Wi Br 
Sie Wr Bi 
This is clearly a discrimination of stimulus 
patterns with common components. Any 
suggestion that one pair of these stimuli alone 
could explain the results would be untenable. 
A discrimination between one pair of stimuli 
with each member consistently followed by 
the same response would only result in 50 per 
cent reinforcement. 


Also, the possibility of differential secondary 


reinforcers is slight. Proprioceptive and intra- 
maze stimuli are clearly ruled out since the 
correct response occurs equally often on each 
side. Also, the possibility of immediate 
secondary reinforcers following the response is 
greatly reduced by the use of frosted glass 
covering on the delay and goal boxes. The 
sensory experience of passing under each 
stimulus curtain is contiguous with other 
stimuli, which in turn are contiguous with 
the primary reinforcement. Through this 
process each curtain acquires secondary re- 
inforcing power- 

In the Grice experiment (4) only the 
experience of white in the stimulus alleys could 
be followed by reinforcement. These stimuli 
could have provided immediate secondary 
reinforcement, which they had acquired 
through the contiguity of their stimulus trace 
with the primary reinforcement. 

In the present experiment, each stimulus 
curtain, having acquired secondary rein- 
forcing power, would have equal reinforcing 
effect, regardless of response or the drive which 
was functioning. This has been shown in the 
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studies of Estes (2, 3) and Meehl and Mac- 
Corquodale (9). 

The method of equal opportunity was used 
in the Perin experiment (11) and in the 
present study. The mean level of learning 
reached by Perin’s 10-sec. delay group was 
82 per cent correct; by Mathers’, 65 per cent. 

In the Perin (11) experiment extinction 
intervened, thus preventing learning in the 
longer delay groups. In the 20-sec. delay 
group, three animals were extinguished, and in 
the 30-sec. delay group the number of ex- 
tinctions was so great that the whole group was 
dropped. 

It may seem strange that only one ex- 
tinction occurred in the present experiment. 
The explanation lies in the difference in 
extinction criteria. Perin eliminated S$ if it 
failed to respond within 5 min. on three 
successive trials. In the present study, S was 
eliminated for failing to make a response within 
30 min. on three consecutive trials. Although 
only one S approached this criterion, there 
were a few response latencies of 10 min. or 
more. 

The present study indicates that it is 
possible for learning to occur under delay 
conditions in which only primary reinforce- 
ment can be found to be operating, and to a 
point beyond that revealed in the studies of 
Grice (4) and Perin (11). Since this discrepancy 
exists, there is need for a replication of the 
present study. This has to a degree already 
been done in the study by Heron (6) and in an 
unpublished study by Jean E. Carlin in the 
Minnesota laboratory. Both studies used a 
modification of the Yerkes-Watson light-dark 
discrimination box and methods very similar 
to those of the present study. 

The mean percentage of correct responses 
per day computed from the learning curve in 
the Heron (6) study, based on 50 training 
periods, is approximately 68.4. This would 
correspond to the 69.4 per cent score for the 
zero delay group in the present study. The 
results of the Carlin study in terms of the 
mean percentage of correct responses per day, 
based on 684 trials, are as follows: for the zero 
delay group, 65; S-sec. delay, 62; 10-sec. 
delay, 61; and 20-sec. delay, 62. It is believed 
that the comparability of these results with 
those of the present study is an indication of 
the reliability of the latter. 
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SUMMARY AND CONCLUSIONS 


It is concluded that the gradient of re- 
inforcement is not necessarily as short as 
indicated in previous experiments. Except for 
a delay of more than a very few seconds, 
reinforcement becomes so weak that almost 
unlimited learning opportunity is needed if 
significance is to be attained. 

This experiment has shown that rats can 
learn significantly a problem which incor- 
porates delays of primary reward up to 20 sec. 
This learning is manifested in the absence of 
differential secondary reinforcers. 

The Spence (13) hypothesis would require of 
this experiment immediate differential second- 
ary reinforcers in order for learning to occur. 
Since these conditions are not met and learning 
does occur, the Spence hypothesis is refuted 
and the Hullian position is upheld. 
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PRACTICAL AND THEORETICAL SOLUTIONS TO DIFFICULTIES IN USING 


LICKLIDER’S 


LLOYD H. BECK, IAN 


K. WATERHOUSE, AND RICHARD P. 


RAT SHOCKER! 
RUNYON? 


Yale University 


= —— Q) recently described a rat shocker based 
a peio that two extended conducting surfaces 
A = hborhood of each other form a capacitative 
‘idee sia Ey In constructing the apparatus, Lick- 
nee fe ed the surface of the rat in contact with a 
Rae plate as one part of the condenser and the 
ae 3 of two parallel metal plates perpendicular to 
loor as the other part of the condenser. 
A ae bi condenser principle of delivering a shock 
DA rej seemed ideal for shocking monkeys. Ac- 
Gn e pee constructed a cubical cage having hard- 
fee ae sides and a sheet metal top and bottom. The 
i n bottom were viewed as forming one condenser 
an and the sides as forming the other plate. The top 
i yottom were connected to the high voltage terminal 
S Model-T spark coil; the sides, to the ground ter- 
minal. 
wer believed that the things that monkeys do to 
out ES in standard grids would not work in the 
Bes B cage. There are no alternate grids to stand 
Pa leaning against the sides would complete the 
ne ae directly; crouching in the middle, climbing the 
PGES) OF bracing across a corner would complete the 
circuit through the monkey capacitatively- In short, 
the shock was to have been unavoidable. 
But neither rat nor cat nor monkey received 2 shock 
unequivocally in the cubical cage. Because of lack of 
knowledge of lethal shocks using this system, @ rat, a 
cat, and a monkey were tested in that order. All ani- 
mals got shocked as they made direct electrical contact 
between the sides and the bottom or top- They some- 
times got a shock as they moved about the floor, but 
they never got a shock when they remained motionless 
touching only the floor or sides. 


ATTEMPTS TO MAKE LICKLIDER’S 
PRINCIPLE WORK 


Such capriciousness made us think we had over- 
ng the distance 


generalized Licklider’s principle, maki 


1 This investigation was supported in part by a 
grant from Contract VAM23379 of the Veterans 
Administration. 


sponsible for the major 


2 Beck and Waterhouse are ¥ rt 
Portion of the investigation. Where individual re- 
sponsibility can be assigned, Waterhouse made the 

ted the application of 


that sugges 
rvation 5)- Runyon assisted in 
Licklider’s capacity notion and 
an Ss. He made the 


Jectrode. 


critical observation 
Potential theory (obse: 
functionally specifying 
in making the observations on hum: 
first observations on the dielectric € 


too great for the low energy capacity of the Model-T 
spark coil. One solution was to increase the shock in- 
tensity. This could be achieved by two obvious alter- 
ations in Licklider’s scheme—alterations which were to 
provide greater capacity between the animal and the 
side plates as well as a higher-energy shocking circuit. 
We constructed & higher-energy shocking circuit 
based upon the same principle as Licklider’s. Both cir- 
cuits use the principle of the familiar inductorium, 
except that the latter is not an autotransformer. 
There are a few minor differences in circuit compo- 
nents between Licklider’s and ours. We controlled 
shock intensity by varying the input voltage to a full- 
vhich supplied direct current 


wave bridge rectifier y 
through an automobile radio vibrator-interrupter to & 


Mallory ignition coil. Licklider controlled shock inten- 
sity by varying & shunting spark gap- While the 
spark gap in Licklider’s circuit might be expected to 
perform a voltage-limiting function as well as an oscil- 
lation-sustaining function through the negative resist- 
ance produced by the arc, & behavioral comparison of 
the two methods showed that the responses of rats to 
both shocks were the same; ours gained only in provid- 
ing a better control and range of intensity* Our use of 
an automobile radio vibrator interrupter produced a 
shock more uniform in amplitude and wave form than 
the Model-T circuit breaker. 

The second method of increasing shock intensity 
involved changing the capacity between the animal and 
the side plates. We had to determine the limits within 
which Licklider’s principle could be scaled up for ani- 
mals larger than the rat. A model of Licklider’s rat 
shocker was therefore construc 


ted in order to determine 
the specific effect of side plate area and the distance 
between the animal 


] and the side plates. 
A Plexiglas box of the same dimensions as Licklider’s 
was left off so that the wire size 
floor could be varied; the metal side 
ttached permanently so that their area 


plates were not a 
and distance from the Plexiglas sides could be varied. 
With a 34-in. mesh floor and side plates 134 in. by 


2, Fig. 1) and with the higher 
ç we used, some animals could be shocked 
and some could not. The intensity or even the presence 

ck seemed to depend upon factors not 


or absence of sho 
under experimental control. When an animal got a 


3 The transients introduced by the spark gap and 
associated circuit elements are higher in frequency 
than .1 megacycle. These are well beyond the region 
of maximum sensitivity in human beings (1). 
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shock, it was a good one, producing marked squealing, 
jumping, running, defecating, and urinating. An instant 
later it might be sitting still, washing its face, crouch- 
ing, or sitting motionless, apparently receiving little if 
any shock. 

In an effort to prod one animal into activity we 
reached out to touch the rat after lifting aside the Plexi- 
glas box. At the instant of contact Licklider’s original 
spark-plug finding was confirmed for both rat and man. 
While the content of the human utterance may not 
have been identical to that of Licklider’s S, we are con- 
fident that the meanings were similar. 

Such unquestionable confirmation of Licklider’s 
spark-plug experiment, replicated several times by acci- 
dent by each of us, suggested that two effects might be 
operating: the relative distribution between the capaci- 
ties to ground of the animal and the hot electrode, and 
a physiological effect depending upon the current 
density. 

In the case of the first of these possible explanations, 
£ and the animal would together form an electrical 
conductor of considerably larger capacity to ground 
than the animal alone. The second explanation of cur- 
rent density would mean that the charge concentration 
in F’s fingertip and the small region of contact with the 
rat would be increased. This charge-density notion re- 
gards E as a condenser plate whose size and surface 
irregularities provide conditions for both a large charge 
and a higher charge density. The latter would also be 
increased because the area of the rat’s skin through 
which the current flowed when man and rat were 
shocked was much less than its skin area when only the 
animal was in the circuit. 

These two notions were studied experimentally, but 
neither accounted for the inconsistency in shocking the 
animals. In an attempt to shock the animals consist- 
ently, we varied floor type and size, dielectric type and 
thickness, the area of the side plates and their separa- 
tion from the animal, shock intensity and frequency. 
While the foregoing factors contributed to the shock 
when it occurred, they were not critical in determining 
its occurrence. 


SOME CRITICAL OBSERVATIONS 


The factors found to be critical are summarized 
below. 

1. Animals which are insulated from ground get 
shocked just as they make contact with a pulsed high- 
voltage electrode.* 

2. Animals which are insulated from ground get 
shocked just as they break contact with a pulsed high- 
voltage electrode. 

3. Animals do not get shocked as they maintain 
contact with a pulsed high-voltage electrode. 

4. Animals standing on a pulsed high-voltage elec- 
trode get shocked when they are touched with a neutral 
electrode.4 


* Pulsed high-voltage electrode refers to any conductor 
connected to the high-voltage output of the Mallory 
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5. Animals get shocked as they stand on both a 
pulsed high-voltage electrode and a neutral electrode. 

6. Animals standing on a dielectric electrode‘ get 
shocked as they touch a neutral electrode. 

7. Animals suspended in mid-air above a pulsed 
high-voltage electrode get shocked when they are 
touched with a neutral electrode. 

The next two observations are subordinated to the 
main qualitative findings because they do not determine 
the presence or absence of shock. They provide an eme 
pirical engineering principle for varying shock intensity 
in a set of new techniques for shocking described later. 

The first of these constitutes a specification of Lick- 
lider’s capacity notion. From studies of the current 
passing through anesthetized animals as a function of 
the area of the side plates and the distance between the 
animal and the side plates, it can be concluded that the 
capacity between the side plates and the animal is the 
sum of two capacities: one, the capacity between the 
animal and its electrical environment, and two, the 
capacity we controlled, which operates approximately 
as a parallel plate condenser. F 

The second principle for varying shock intensity 
States that the larger the neutral element, the greater 
the shock between the pulsed high-voltage electrode 
and the neutral element. 

A final observation concerns the subjective ane 
of the shock received by a human being when “a 
touched a dielectric electrode. The sensations from t A 
shock can be described best at low-voltage inputs as if 
mildly vibratory, warm, humid feeling. As the voltage 
increases, this develops into a numbing sensation ee 
proaching the tingling feeling of having one’s sake 
Tecover from going to sleep. For an instant, 25 me 
hand rapidly approaches and quickly makes contat 
with the dielectric, it feels like an ordinary shock. n 
the highest possible voltages the shock can be felt en 
with the hand about an inch above the surface of a 
dielectric. This type of shock produces marked vasom® 
tor activity, palmar sweating, blanching and reddening 
of the quick beneath the nails. It is not clear wheth¢ 
the sensory experiences associated with this shock a 
due to direct corona discharge through points 0? oP 
skin or due to gradients developed within the skin. PoS 
sibly both are operating. The properties are worthy ° 
further investigation. 


THEORY 
These observations immediately posed both a 
teresting and puzzling theoretical problem. What theory 
could rationalize the paradox of the observation that ap 
animal can be shocked as it makes or breaks contact 
with a pulsed high-voltage electrode but not while 


n in 


coil. Any conductor in the neighborhood of a pulsed 
high-voltage electrode but not in direct ohmic conta? 
either with it or ground is called a neutral electrode. 
sheet of insulating materijal such as Plexiglas pien 
on the surface of a plane pulsed high-voltage electro 
is called a dielectric electrode. 


EVALUATION OF LICKLIDER’S RAT SHOCKER 


a. 
aee ve gelato p ~ ad us an almost completely 
Bie fer eaiem a a monkeys was discovered be- 

RA i = J theoretically, both its effi- 
hese A P i o! aervations depend upon the 
oap es ee = a will Firriher be seen that 
SN sore oa g ~ irm Licklider unequivocally 
Toe animal eveloping still other techniques for 

als can be explained completely in terms 
of potential theory. 

PEI — eg = the set of observations. 
prise Heh: an electric field produced between the 
i 9 igh-voltage electrode and ground. The field es- 
oe a potential gradient. There are conductors 

uding the animal itself. These conductors have a 
— of position, size, and shape. Further, these 
a uctors are situated in dielectric media, namely, 

ir and supporting insulating structures. 

These four conditions are sufficient to produce volt- 
age differences between the conductors. These voltages 
a determined by the field strength, the dielectric me- 
mee and the coefficients of capacity and induction 

etermined by the arrangement, shape, and size of the 
conductors. 

It is these voltages which can be used to shock ani- 
mals; it is the presence or absence of these voltages in 
given empirical arrangements which determine the 
Presence or absence of shock in the foregoing observa- 
tions. The general principle depends upon analyzing 
the experimental conditions to see whether they can 
give rise to voltage differences. If these voltage differ- 
ences exist, an animal can be shocked; if they do not, S 
Cannot be shocked. 

B The first observation deserves particular considera- 
tion in terms of the theory. An animal, a conductor, 
approaching a pulsed high-voltage electrode increases 
its capacity with respect to that electrode. At the same 
time a local potential is induced in S as a conductor. 
If the potential difference between S and the high- 
voltage electrode is sufficient to ionize the air, the 
charge will be transferred from the high-voltage elec- 
trode to S. This transfer will produce the momentary 
high current which shocks the animal. After the charge 
is transferred, the animal and the electrode will be 
equipotential, and no shock can ensue. 

The peculiarities in the operation of our model of 
Licklider’s rat shocker can now be understood. It 
shocks a rat largely because of an initial fortuitous con- 
tact an animal might make with the dielectric electrode 
on the sides of the box. If S gets such an initial shock, 
it might jump off the floor. If it jumps, it gets one shock 
as it leaves the floor and another as it lands. These 
shocks bounce the animal here and there within the 
narrow confines of the box, shocking and reshocking it. 
Some animals learn to remain still, thus avoiding the 
shock because they are at the same potential as the 
floor. The presence or absence of shock is therefore mot 
under complete experimental control in the Licklider 
arrangement; the shock depends upon the vagaries ot 
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an animal’s responsiveness and learning. The width of 
Licklider’s shocking alley is critical for making his sys- 
tem work. He believed capacity between the animal 
and the side plate was critical. We believe that the 
animal is shocked because it touches the dielectric elec- 
trode. If Licklider’s notion were correct, then an animal 
once shocked should continue being shocked. That it 
does not continue to be shocked has been our finding. 
This finding is contrary to the capacity notion. 


SOME CONFIRMING OBSERVATIONS 


If our integration of the facts in terms of potential 
theory be correct, Licklider’s rat shocker should not 
work when scaled up to human size. Contradictory to 
the prediction from Licklider’s theory, we predicted 
that a human S standing barefooted on a pulsed high- 
voltage electrode, near a vertical grounded metal plate, 
would not receive a shock. Three Ss received no shock 
whatsoever under those conditions. These same sub- 
jects reported only the vibratory feeling when they 
touched a 3¢-in. thick Plexiglas sheet covering part of 
the vertical metal plate. The voltages used were suffi- 
3-cm. spark between a plane surface 
ce of no. 20 wire. The failure of Ss to 
this situation is not due to lower 
innervation of foot than hand. The shock does not oc- 
cur when one hand is in firm contact with a pulsed high- 
voltage electrode. If pressure is not maintained, shock 
is experienced. This is believed to be due both to contact 


variation produced by tremor and to local variations in 


current density. 


cient to produce a 
and the tip of a pie 
experience shock in 


The latter current density variation constitutes the 
tative effects can be 


only situation where pure capaci 

demonstrated. In order to isolate this effect experimen- 
tally, controlling for the effects of stray capacity, two 
rods differing in size were connected to one another and 
to a pulsed high-voltage electrode. When a human S 
held his finger continuously on the end of the 3¢-in. 
diameter rod, he could not feel a near-threshold shock 
unless he touched another neutral electrode. When he 
held his finger on 2 1,-in. diameter rod he was unable 
to reduce the shock below threshold even though he 
pressed as hard as he could. This is the only instance of 
direct application of Licklider’s notion. It can be ex- 
pected to operate only when current density can be 
made sufficiently high by using minimal contact areas. 
Indeed, even the spark-plug shock would be expected 
to disappear if, after the shock of initial contact, S 
held the spark plug with enough grip area to avoid 


current density effects. 


A NEW SHOCKER 


nding the original observations 


Aside from understa 
and the irregularities in the Licklider system, the theory 


and principles are useful in the development of tech- 
niques for solving our original problem, shocking a 
monkey. The range of possibilities is limitless, but all 


that is necessary is to arrange the conductors in the 
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shocking cage such that an animal is always in contact 
with two pieces of metal which differ in potential. One 
particular solution we have effected consists in connect- 
ing the alternate odd-numbered bars of a grid to each 
other and to a pulsed high-voltage electrode. The even- 
numbered bars of the grid are left electrically isolated 
from each other. The sides and back of the cage are 
made of smooth metal and are insulated from both sets 
of grid bars. The front of the cage is made of glass for 
observation purposes. 

This monkey shocker is very effective. The smooth 
sides afford little purchase to a monkey’s modes of 
gripping. If it stands between any odd and even bar, S 
will get a shock. If it leans against the side of the cage 
while standing on an odd bar, S will get a shock. If it 
leans against the side while standing on an even neutral 
bar, S may get a shock if the potential gradient between 
those two neutral elements is sufficiently steep. If it is 
not, it is a simple matter to make and break contact 
between the odd bars and the sides of the cage. If the 
animal defecates, the shock does not disappear from 
the entire grid but just from the three adjacent grid 
elements made equipotential by a bolus shorting a 
juxtaposed pair. This nonshorting feature holds only 
when the even elements are insulated from each other. 
That is, the grid has a uniform potential if an intercon- 
nected set of neutral elements is connected to the pulsed 
high-voltage electrode set by a bolus. 
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There are three ways of increasing the intensity of 
the shock: voltage, area of a neutral element, and the 
gradient. The latter is increased either by connecting 
the neutral elements to ground through separate con- 
densers or by rearranging the position and size of the 
elements with regard to each other and the pulsed high- 
voltage electrode. 


SUMMARY 


Potential theory encompasses a new set of observa- 
tions growing out of a study of difficulties encountered 
in using Licklider’s rat shocker. The theory explains 
these difficulties, gives meaning to the observations, and 
provides new techniques for solving many of the prob- 
lems encountered in shocking animals. In the course of 
the study a promising new shock stimulus using dielec- 
tric electrodes was discovered. Finally a specific practi- 
cal solution to the problem of shocking monkeys ?!5 
presented, an electric field shocker. 
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TASTE AND POST-INGESTION 


FACTORS IN SPECIFIC-HUNGER BEHAVIOR? 


ROBERT A. McCLEARY? 
The Jokns Hopkins University 


Animals are capable of regulating their 
eating and drinking behavior so as to supply 
themselves with larger than normal amounts 
of substances in which they are deficient 
(e.g, see 14, 15, 16). This kind of control 
system has also been demonstrated in hu- 
mans (15). These are the classical observa- 
‘ Hons in the area of specific hungers, and they 
stimulated the interest of workers in many 
different fields. Biochemists, physiologists, 
nutritionists, and psychologists alike have 
spent considerable time over the past 20 
years trying to understand just how such a 
control system could operate. 

Psychologists in particular find the be- 
havior interesting because it represents @ 
case of motivated behavior with fairly clear- 
cut physiological correlates. It could be 


hoped that the field of specific hungers might 


supply a chance to specify rather exactly 
f an interesting 


the physiological basis © 
Pattern of behavior. 
Since the original observations of Richter 
(14), workers in this field have broadened 
Considerably the range of phenomena that 
are considered examples of specific-hunger 
behavior. For example, normal rats prefer 
certain concentrations of salt water and 
sugar water to plain water (1, 17). Such 
Specific preferences have been demonstrated 
with many other substances as well (e.g. 18). 
Further, for some particular types of solution, 
such as, for example, sugar water, the rat 
has a strict hierarchy of preference for differ- 
ent concentrations of the solution (17). In 
short, when a normal rat is given access to 
Particular concentrations of many solutions, 
it will ingest fairly specific amounts of them. 
The problem is to find out what factors 
determine the volume that the animal will 
Ingest. 
f 1 The experiments reported in this paper were Per” 
med in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy at The Johns Hop- 
E University. 
_ * Now at the Department of Psychology, 
sity of Michigan. 3 


the Univer- 


Although “learning” has been shown capable 
of playing a role in some cases of preference 
behavior (23), the present attempt has been 
to keep chances for learning at a minimum 
and pay particular attention to the, physio- 
logical factors underlying the behavior. 

Two general physiological possibilities sug- 
gest themselves. First, food preferences 
could be based simply on ¿aste factors. Workers 
have produced evidence for and against this 
notion (7, 12, 15)! Following taste, so to 
speak, specific volumes of particular solutions 
might be taken because of effects they have 
after they are swallowed—so-called post- 
ingestion factors (19). Solutions, of course, 
have both chemical-specific and colligative 
characteristics, and either set of character- 
istics could turn out to be critical after in- 


gestion. 


EXPERIMENT Í; PREFERENCE FOR GLUCOSE 
AND FRUCTOSE SOLUTIONS 


Aside from obtaining normative data for 
the following experiments, there is one im- 


portant reason for being interested in the 
relative preference of the rat for different 
solutions of fructose and glucose. Fructose 
has considerably more sweetening power 
than glucose. According to psychophysical 
data on humans, fructose is oughly twice 
as sweet as glucose (3). If taste—specifically 
gweetness—is an important determiner of 
how much of a solution the animal will 
drink, one might expect some interesting 
differences between the intake curves. for 


these two carbohydrates. 


Method 
ll the various experiments in this paper, the 
aah: i red by the single-bottle 


rat’s sugar pre A f 
m bottle situation, the animal is on 


method. In the single- : a 
a water-deprivation schedule and receives a different 
concentration of sugar solution in its test bottle for 1 


hr. on successive days. With this procedure, the meas- 
ure of the animal’s preference among the different 
concentrations of sugar is the volume of the particular 


3 Carr, W- F Personal communication. 
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solution that the animal drinks during the test hour. 

For all the present research, the animals were on a 
16-hr. water-deprivation schedule, and food was avail- 
able ad libitum except during the test hour. The pre- 
cise schedule is shown in Table 1. 

Since the animal is thirsty in the single-bottle situa- 
tion and has only 1 hr. to drink from a single bottle, 
all the drinking behavior occurs in a short time. This 
fact gives the single-bottle method two important ad- 
vantages: (a) The drinking can be influenced by physio- 
logical variables of a transitory nature and (b) the rate 
of drinking can be conveniently measured over such a 
short interval. The minute-to-minute drinking rate 
of the animals was obtained by using a continuously 
recording, electronic drinkometer which has previously 
been described (8). i 

The animals in this first experiment were tested in 
the single-bottle situation on concentrations ranging 
from .1 per cent to 40 per cent for both glucose and 
fructose. The glucose and fructose series were run in 
turn. A preliminary study had shown that the intake 
for a particular solution did not change in any system- 


TABLE 1 
Experimental Schedule 


9:00 a.m. Test period. Animals given 1 br. to 
to drink one of the experimental solu- 


10:00 a.m. tions. No food in cage. 
10:00 a.m. 
to No food or fluid available in cage. 
12:00 m. 
12:00 m. 
to Food and water available ad libitum. 
5:00 P.M. 
5:00 p.m. No fluids available. Food ad libitum. 
to (16-hr. water deprivation) 
9:00 A.M. 


atic way with repeated daily observations, so for the 
two carbohydrates in this first experiment a single 
ascending-descending presentation was used. In this 
way, each animal was checked twice for each concen- 
tration of each sugar. The animals were given water for 
their test solution on several occasions before, during, 
and after the sugar series, to afford a base line for the 
sugar intakes. 

Animals, cages, and illumination. Brown and hooded 
rats, descendants of the Lashley strain, were used 
throughout the entire research. At the start of this first 
experiment, the eight animals were three months old. 
The test drinking was always done in the animals’ 
own home cages. The cages were always kept under 
controlled illumination so that there were 12 hr. of light 
and 12 hr. of dark each day. The test drinking always 
took place 3 hr. after the start of the light cycle. 

Diet and test solutions. The rats were fed Purina Lab- 
oratory Chow, either checkers or meal. The glucose and 
fructose were of reagent grade, and the stock solutions 
of sugar were handled with precautions to avoid 
contamination with fungi and bacteria. Fresh ex- 


perimental solutions were made each day from these 
sterile stock solutions. 
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Results 


The main results of Experiment 1 are 
shown in Figure 1. The concentrations have 
been put on a log scale simply for graphic 
clarity because the intakes change so rapidly 
over the lower concentrations. 

Despite the greater sweetening power of 
fructose, it was maximally preferred at the 
same concentration as glucose. Further; 
across the range of concentrations in which 
the carbohydrates are preferred significantly 
over water, there is no concentration at which 
more fructose than glucose is ingested. At 
the —1.0 and —.5 log concentration points, 
where the mean fructose intakes exceed 


20 


GLUCOSE 


MEAN FLUID INTAKE IN CC. 


-10 -5 o +5 no n5 
LOG PERCENT CONCENTRATION OF SUGAR 
IN TEST SOLUTION 


Fic. 1. Intake during test hour of various concen- 
trations of glucose and fructose. Each point is i 
average of two separate readings taken on each of cig 
animals. 


those for glucose, the intakes do not differ 
significantly either between the two carbo- 
hydrates or between carbohydrate and water. 
To the extent that one is willing to assume 
that fructose is also sweeter for the rat, 
these data do not support a simple notio” 
about the role of taste in the specific hung 
for sugar. 

For fructose the aversion point (C 
tration at which water becomes more PT 
ferred than sugar solution) is lower than m 
the case of glucose. This one point might 5 
taken as suggesting that taste is playi®8 
role in the declining limb of the preference 
function, since fructose might be expect™ 


oncen- 
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to get too sweet at a lower concentration 
than glucose. 

There is one final fact that is apparent in 
Figure 1. It turns out to-be of considerable 
interest with regard to some later findings. 
The peak preference point for both glucose 
and fructose is for the 5.3 per cent solutions. 
This concentration is approximately isotonic 
with the body fluids of the animal for both 
of the carbohydrates under consideration. 

Some rate curves for the drinking of a 
few sample solutions are shown in Figure 2. 
Their shape tells some interesting things 
about the time course of the drinking behavior. 
In the first place, for all the concentrations 


5.3% GLUCOSE 


20 


5 
40% GLUCOSE 


40 50 


10 20 30 
TIME IN MI NUTES 
Fic. 2. Cumulative intake during the test hour of 


various concentrations of glucose and water. Each of 
the curves is the average of the cumulative intakes of 


eight animals. 


MEAN CUMULATIVE INTAKE IN CC 


the animals start drinking at their maximal 


rate. Since they are thirsty at the start of 
the test, this is not too surprising. Further, 
the animal maintains this rate of drinking 
until it has ingested about as much of the 
Particular solution as it will take for the 
test hour. After this original burst of drinking, 
the animal only comes back for an occasional 
sip during the rest of the test period. 

This is to say, within 5 min., and shorter 
for some of the less-preferred solutions, the 
animal has already committed itself to taking 
Some particular volume of the solution. 
Whatever mechanism is operating to halt 
the animal’s further drinking, it can operate 
in a very short time after the start of the 


drinking behavior. Despite the absence as. 
yet of more direct evidence for a role for 
taste, it must be noted that taste would be 
capable of monitoring such a rapid “decision” 
on the part of the animal. 


EXPERIMENT 2: STOMACH LOADING 
OF GLUCOSE SOLUTIONS 


The first point to be settled when one 
considers the problem of post-ingestion effects 
is simply whether an ingested solution can 
operate to affect further ingestion. For ex- 
ample, does 40 per cent glucose, after it has 
been ingested, act in such a way that, when 
an appropriate volume has been drunk, it 
inhibits the further drinking of 40 per cent 
glucose? This kind of control system could 
be considered a “negative feedback” system. 

The most direct approach to this problem 
seemed to be to use a stomach-tubing tech- 
nique and load variously preferred solutions 
of glucose into the animals’ stomachs and 
observe the effect of these “loads” on their 


later drinking of glucose. 


Method 

The stomach loading of these glucose solutions was 
handled as follows: while one person held the rat with 
the upper teeth hooked over a fixed wire loop and pulled 
the lower jaw open with a second loop placed over the 
lower teeth, E passed a plunt-ended rubber tube down 
the animal’s esophagus and into its stomach. A good 
stomach tube turned out to bea French No. 8 Robin- 
son-type rubber catheter. It is best to have the cath- 
eter well lubricated with mineral oil, and itis helpful to 
have a hanging drop of oil on the tip of the catheter to 
jnitiate a swallowing reflex at the time the catheter is 
introduced into the esophagus. When the catheter 
has been passed several inches, 3 cc. of the loading 
solution is put into the stomach with a calibrated 
syringe attached to the end of the catheter. 

Three cubic centimeters of three different concen- 
trations of glucose were used as stomach loads (5.3, 
20, and 40 per cent glucose). The animals were allowed 
on successive days to drink four different test solutions 
(water, 2 per cent glucose, 5.3 per cent glucose, and 
20 per cent glucose). The same eight rats were used 
as in the previous experiment. These 12 conditions and 
eight rats were run ina factorial design, using the single- 
bottle method as described above. The animals were 
allowed access to the test solutions for drinking 15 min. 
after the stomach load was introduced by tube. 


Results 

The mean data are shown in Figure 3. 
Increasing concentrations of the glucose 
load have systematic effects on the amounts 
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of the different test solutions that the animals 
will later drink. In the case of all the test 
solutions, except the unchanging 2 per cent 
solution, the differences between the intakes 
with the 5.3 per cent and 40 per cent loads 
are all significant between the .01 and .03 
levels of confidence. The intakes following 
the 20 per cent load all fall systematically 
into the consistent trend, but the intermediate 
differences (5.3 per cent load vs. 20 per cent 
load and 20 per cent load vs. 40 per cent 
load) are only in one case significant at the 
.05 level of confidence. 

This figure, which summarizes all the data 
from this experiment, shows two main effects: 


Z 
Z 
Z 
Z 
Z 


MEAN FLUID INTAKE IN C.C 


TEST SOLUTION HOH 2 $3 20 


HOH 2 5320 
STOMACH LOAD 53 20 40 


CONCENTRATION OF GLUCOSE SOLUTION IN PERCENT 


Fic. 3. Effect of three different concentrations of 
glucose, used as stomach loads, on the subsequent 
intake of various concentrations of glucose and water. 
Water intake is indicated by the black bars while the 
shaded portions of the bars indicate where the glucose 
solutions were taken in excess of water. 


(a) As the concentration of the sugar load 
increases, the animals’ intake of water during 
the test period also increases. (b) The intake 
of the two more concentrated test solutions 
(5.3 per cent and 20 per cent glucose) bears 
a reciprocal relation to the water intake— 
they decrease as the stomach load becomes 
more concentrated. The 2 per cent glucose 
solution occupies a sort of compromise posi- 
tion, and its ingestion is relatively unaffected 
by the stomach loads. 

The simple point here is that it is possible 
for glucose solutions that have by-passed 
the taste receptors of the animal (i.e., have 
been loaded by tube) to have a differential 
effect on the subsequent intake of other 
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glucose solutions. Further, the less preferred 
the concentration is as a test solution (40 
per cent < 20 per cent < 5.3 per cent), the 
more effective it is as a depressant when 
used as a stomach load. These findings clearly 
suggest the existence of a post-ingestion 
factor that might operate in specific-hunger 
behavior. 


EXPERIMENT 3: STOMACH LOADING 
OF FRUCTOSE SOLUTIONS 


This systematic effect of different glucose 
loads raises an interesting question about 
fructose. Since, concentration for concentra- 
tion, fructose solutions are less preferred 
than glucose solutions over the range where 
either are preferred significantly over water 
(see Fig. 1), the question arises: Can this 
lower preference for fructose also be due to 
some sort of post-ingestion factor? The present 
experiment supplies some information 0? 
this point. 


Method 


Three cubic centimeters of both 5.3 per cent gluco 
and fructose were used as stomach loads and, in 4 mi 
torial design, the eight animals were allowed to as 
5.3 per cent glucose, 5.3 per cent fructose, and water. 


Results 


Although the effect was not a large ong 
the main finding here was that the fructo® 
load did indeed depress both glucose aa 
fructose drinking more than did the glucos 
load. Since the difference in preference Š 
5.3 per cent fructose and 5.3 per cent glucns 
was small—only about 5 cc.—the ey 
magnitude of this present effect is proba ee 
not surprising. When all the cases of frucha 
loading and sugar drinking were averag A 
and compared with the average effect O! ©. 
glucose loading, the results showed that 5 cal 
of the eight rats drank less sugar see 
when they had been loaded with pas 
The mean difference was 1.06 cc. (SP8 oF 
tailed p = .03). The fructose load also, PF 
duced a greater water intake than di 
glucose load, but the difference WaS 
significant. gat 

It is interesting that the effect on psi 
drinking is in line with the previous 5t0™ tio? 
load data. Again, the less-preferred solu 


° 5 i s cases 
in the single-bottle situation (in this © 
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fructose) had the more depressant effect 
when used as a stomach load. 


EXPERIMENT +: TIME COURSE OF THE 
POST-INGESTION EFFECT 


Although the above experiments show the 
existence of a post-ingestion factor, it remains 
to be seen whether such an effect could take 
place rapidly enough to be able to play a 
controlling role when the animal is actually 
drinking the solutions rather than having 
them artificially loaded into its stomach by 
tube. In Experiments 2 and 3, the animals 
had a 15-min. delay between the stomach 
loading and the drinking of the test solutions, 
but if the post-ingestion factor normally 
plays a part in controlling an animal’s fluid 
intake, it would have to operate much more 
rapidly than that. This present experiment 
set out to discover how rapidly this effect 
could operate. 


Method 


Two different procedures were used, but they ren- 
dered similar results and are reported here together. 
First, using only one of the test solutions from the 
Previous experiment (5.3 per cent glucose), the same 
eight animals were stomach loaded with the same three 
Concentrations but were given immediate access to 
aur drinking bottles. There was only about a 15- to 
O-sec. delay between the loading and the drinking. 
N The second technique allowed the rats to self-load 
hemselves. An experimental arrangement was de- 
aard that allowed the animal to start the hour of 
eae by first ingesting 3 cc. of an appetizer solution 
ie a small glass tube and then, with a maximum 
7 -sec. delay, switch to the usual bottle for the main 
ie solution of the day. This technique adds a taste 
Ae to the stomach load that the animal receives and, 
urthermore, affords a control for the influence of the 
Stomach-tube procedure. The same concentrations of 
glucose that were used as the loads above were also 
used here as the appetizers. The test solution was 


again 5.3 per cent glucose. 


Results 


The mean results of both the immediate 
tube-load and the self-load procedures are 
Presented in Figure 4. For sake of comparison, 
ic 5.3 per cent test-solution data from the 
thie: delay experiment (Experiment 2) are 

licated as a dotted line. The most important 
oe to notice is that even when there © 
oa y a matter of seconds between the stoma 

ad and the drinking, the volume intake of 
3 per cent glucose is affected in the same 


direction as in the 15-min. delay case reported 
above. Namely, the more concentrated the 
stomach load or the appetizer, the more it 
depresses the intake of 5.3 per cent test 
solution. The extremes with both techniques 
(i.e. 5.3 per cent load or appetizer vs. 40 
per cent load or appetizer) are significantly 
different below the .01 level of confidence. 

These present results, when considered 
together with the data on rate of drinking 
shown in Figure 2, give a clear picture of the 
speed with which this post-ingestion effect 
can operate. In the extreme case of the 40 
per cent tube load, the animals take an average 
of about 6 cc. of the 5.3 per cent test solution. 
Since, on the average, rats under the present 


15 


13° DELAYED. 


Tuar t040 


MEAN FLUID INTAKE IN ce 


20 
CONCENTRATION OF GLUCOSE LOAD IN z 

Fic. 4. Comparison of the effect of three different 
concentrations of glucose when used as a delayed load, 
immediate load, and self-load (see text). Curves show 
intake during subsequent test hour of 5.3 per cent 
glucose solution. 


5 


circumstances drink a little more than a 
cubic centimeter per minute, this means that 
the 40 per cent tube load has had its effect 
on the animals’ drinking in a little under 6 
min. It seems reasonable that this is rapid 
enough for the effect to bea feasible controlling 
mechanism in the drinking behavior of the 
imal. 
The differences between the slopes of the 
three functions shown in Figure 4 are not 
significant with the number of observations 
available in the present study. A more exten- 
sive experimental attempt to evaluate these 
differences, however, might show that the 
depressing effect of the stronger loads has, 
in fact, started to fade after the 15-min. 
delay. The fact that the self-loading data are 
higher over all is explained by the fact that 


416 


the trauma of the tubing procedure routinely 
depresses later drinking by several cubic 
centimeters. 


EXPERIMENT 5: STOMACH LOADING 
OF SACCHARINE SOLUTIONS 


Because of the striking effects obtained 
from stomach-loading glucose and fructose 
solutions prior to drinking various test 
solutions, it was felt of interest to look into 
the generality of this effect. 

Saccharine loads were chosen as instructive 
since saccharine solutions are ordinarily 
considered to taste somewhat like carbo- 
hydrates, and yet, of course, they are pre- 
ferred by humans and rats alike at much 
lower concentrations than carbohydrates. 


Method 


The same eight animals were offered various con- 
centrations of saccharine, employing the same drinking 
situation and schedule described in the previous ex- 
periments. These preliminary data yielded a preference 
for saccharine of roughly the same type as in Figure 1 
for glucose. The concentrations for saccharine were 
over a much lower range, of course, and were well in 
line with previous reports of rats’ preference for sac- 
charine solutions. 

From these preliminary data, three concentrations 
of saccharine were chosen for use as stomach loads in 
the main experiment. In keeping with the results of the 
other stomach-loading experiments reported above, 
these three concentrations were: (a) the peak prefer- 
ence concentration (.25 per cent), (b) a concentration 
chosen from about midway on the declining limb of the 
preference function (.5 per cent), and (c) a concentra- 
tion from the tail of the declining limb of the preference 
function (1 per cent). For these three concentrations 
of saccharine, respectively, the mean intakes in the 
pilot study were 14.2 cc., 8 cc., and 4 cc. during the 
hour test period. 

For the present experiment, the eight animals were 
loaded every other day with one of the three different 
concentrations of saccharine, The lower concentrations 
of saccharine were loaded first to minimize any cumula- 
tive effects of the saccharine administration. The ani- 
mals were always given access to their test solution 
immediately after the saccharine solution had been 
loaded into their stomachs. The test solution for drink- 
ing during the test hour was always 5.3 per cent glucose 
solution. This concentration of glucose was used as the 
test solution because of the previous data on stomach 
tubing already available. 


Results 


The results were quite clearly negative 
from the standpoint of any post-ingestion 
effects of the loaded saccharine. In fact, to an 
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insignificant extent, the results were the 
reverse of what might have been expected. 

The mean data are shown in Table 2. From 
a statistical viewpoint the three different 
saccharine loads did not have any different 
effect on the ingestion of the glucose test 
solution. Despite the fact that the three 
saccharine loads were preferred by the animals 
in a clearly diminishing order (i.e., .25 Pe 
cent > .50 per cent > 1.0 per cent), they 
had no parallel effect on later drinking of the 
glucose test solution when they were used as 
stomach loads. 

This negative finding seems striking whe? 
one recalls how easy it is to demonstrate 
post-ingestion effects by this stomach-loading 
technique—when such effects are present. 
The author feels that these present negative 
data strongly suggest that the case of sae 


TABLE 2 ad 
Effect of Saccharine Stomach Load on the Drinking 
of 5.3 Per Cent Glucose Solution 


MEAN VOLUME (IN cc.) OF 
5.3 PER CENT GLUCOS! A 
INGESTED DURING toig 

FOLLOWING THE LOAD 


CONCENTRATION OF SACCHARINE 
SOLUTION USED AS LOAD 


25% 12 
50% 12.9 
1.0% 13.4 


charine preference could well be controlled 


primarily by taste. 


EXPERIMENT 6: COMPARISON OF THE EFFECT 
OF GLUCOSE, NaCl, AND UREA SOLUTIONS 
WHEN USED AS STOMACH LOADS 


Consideration of the intestinal absorptio? 
rate of glucose from solutions of various 
concentrations (2, 4, 10, 13, 22) suggeste 
that the post-ingestion mechanism demor: 
strated above with glucose could not depen 
on the amount of glucose absorbed into 
internal environment of the organism. 1 
the other hand, it is possible to think of pala 
ways in which the stomach-loaded solution” 
could have their effect while still in e 
stomach. The speed with which the effec a 
take place indirectly supports the ene 
that something critical might be taking Pie 
in the stomach. To narrow down the poss!’ 
mechanisms, it seemed pertinent to esta 1 
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pres aaa it is the chemical specific or 
ee Bp te of the stomach-loaded 
a s that are crucial for the effect of the 

s on later drinking. For this purpose the 
ter experiment was designed, employing 
rte pa a three different compounds which 
ae hed in terms of their colligative 


Method 


Pie different concentrations of urea and NaCl 
pe s were used as stomach loads. The concen- 
thee A mere chosen to be approximately isosmotic with 
edloyad aa 40 per cent glucose loads previously 
haviece fae E osmotic pressures were calculated on the 
pe reezing-point depression produced by the 
e ncentrations. Allowance was not made for 
aea a. to which urea and glucose are not per- 
on 3y ee For urea the three concentrations 
gp A and 14 per cent; for NaCl, .9, 4, and 8 per 
for e Sa cubic centimeters of the load to be used 
Bulent By c were introduced into the stomach of the 
tec MM tube 15 min. prior to the time at which the 
Hs 2 ae was made available to it. The daily order 
vane S the different stomach loads were used was 
Hepa rom animal to animal to control for possible 
lois Ce see Six animals were used for the salt 
re and a second group of eight animals was used 
r the urea loads. 


Results 


cd The results, presented in Figure 5, are 
(asthe The urea and NaCl data are from 
is present experiment, and the data resulting 


5.3% GLUCOSE DRINKING 


NoCi LOADS 


MEAN FLUID INTAKE IN CC. 


OSMOTIG PRESSURE OF STOMACH-LOAD 


IN ATMOSPHERES 


Fic. 5. Effect of three different solutions, used as 
ke of 5.3 per 


eae h loads, on the subsequent inta ‘ 
used ee solution. The three different concentrations 
twee or each load were approximately matched be- 
n loads in terms of osmotic pressure (see text). 
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from glucose load are replotted i 
ment 2 for the sake of oe oe 
seen that both urea and NaCl loads, when 
matched osmotically with the glucose loads, 
have the same relative effect on subsequent 
intake of glucose solution as the glucose 
loads themselves. The reader is reminded 
that the three different loads were used on 
three different groups of animal so that no 
significance can be attached to the over-all 
difference in level of intake for the three 
loads. Only the slope of the three functions 
is pertinent to the present point. The differ- 
ence between the two extreme NaCl loads 
yields a ż that is significant beyond the .01 
level of confidence with 5 df, using a single- 
tail test. The same comparison with the urea 
load with 7 df is significant at the .03 level 
of confidence. Intermediate differences are 
not significant but fall in the correct direction 
according to the original hypothesis. 

This parallel between glucose, urea, and 
NaCl becomes even more striking when one 
realizes that all the loads produce a comparable 
increase in water intake. This was shown 
above for glucose. For urea, the 14 per cent 
load increased water intake in the subsequent 
test period by 5 cc. more than the 1.7 per 
cent load. This difference yielded a ¢ that 
with 7 df was significant well beyond the .01 
level even with a two-tail test. Other workers 
have shown that NaCl loads have comparable 
effects on later water intake (20). 


EXPERIMENT 7: INTRAPERITONEAL LOADING 
OF GLUCOSE SOLUTIONS 

sults obtained in the experi- 
d indicated clearly that the 
water and electrolyte balance of the animal 
is capable of influencing its preference be- 
havior. To pursue this idea further, a series 
of intraperitoneal glucose loads was worked 
out that produced an increase in water intake 
that was roughly comparable to what the 
various stomach Joads produced. 


The positive re 
ment just reporte! 


Method 


Six rats were placed on the same 16-hr. water- 
deprivation schedule described above. One hour prior 
to the test period, 5 cc. of a glucose solution were in- 
troduced into the peritoneal cavity through the ab- 
domina! wall with a No. 20 hypodermic needle and 
syringe. This intraperitoneal load was either 5.3, 10, 
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or 20 per cent glucose. The solution for drinking during 
the test period was cither water or 5.3 per cent glucose. 
These three loads, two test solutions, and six animals 
were combined in a factorial design. 


Results 


The results are at variance with what might 
have been expected from the way in which 
glucose loads behave when introduced into 
the stomach. As shown in Figure 6, the water 
intake was indeed increased. The difference 
between water intake with the 5.3 and 20 
per cent loads, using a single-tail test, yielded 
a t that was significant at better than the .01 
level of confidence with 5 df. Despite this 
increase in water intake, however, the intake 
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TEST SOLUTION HOH 5.3 


HOH 53 HOH 5.3 
INTRAPERITONEAL 
LOAD 


5.3 10 20 


CONCENTRATION OF GLUCOSE SOLUTION 
IN PERCENT 


Fic. 6. Effect of three concentrations of glucose, 
used as intraperitoneal loads, on the subsequent intake 
of water and 5.3 per cent glucose 


of 5.3 per cent glucose was neither system- 
atically nor appreciably influenced. 


EXPERIMENT 8: INTRAVENOUS INJECTION OF 
NaCl soturion 


Although both stomach and intraperitoneal 
loads of appropriate concentrations of glucose 
produced an increase in the intake of water, 
only the stomach load resulted in a comparable 
decrease in the intake of 5.3 per cent glucose. 
This discrepancy raises the question of whether 
the stomach is a necessary link in the differ- 
ential effect of glucose loads on the ingestion 
of water and glucose solution. Since intra- 
venous injection of NaCl solution will pro- 
duce thirst without directly involving the 
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stomach, it was hoped that this procedure 
would supply some definitive information. 


Method 


Although an intravenous technique involving the 
superficial vein on the posterolateral aspect of the 
thigh of the rat was developed, the vein would not 
remain patent for more than a single NaCl injection. 
Thus, only two experimental observations could be 
made on each rat—an insufficient number for present 
experimental purposes. For this reason it was de- 
cided to employ the rabbit because of its easily acces- 
sible and abundant ear veins, 

The rabbit that was employed weighed 2,900 gm- 
It was placed on the identical 16-hr. water-deprivation 
schedule as described previously for the rat. During 
the test period it was placed in a standard rabbit box 
and an inverted 500-cc. graduated cylinder supported 


100 INTRAVENOUS 


75 


FLUID INTAKE IN CC. 
a 
fe} 


25 


HOH 2 53 20 


HOH 2 53 20 
CONCENTRATION OF GLUCOSE IN PERCENT 


_ Fic. 7. The intake of water and three concentra 
tions of glucose under control conditions and after the 
intravenous administration of 2 cc. of 20 per cen 
NaCl. The data are on a single rabbit. 


by clamps on a ring stand was placed in front of the 
box so that the 34-in. glass tube extending from 
cylinder was available to it, 

Preliminary work with rabbits had indicated that 4 
Suitable dosage was 2 cc. of 20 per cent NaCl injecte 
slowly over about a 30-sec, period. At the end of ti 
usual hour’s test period, however, the effect of ei 
injection was Starting to wear off. For this reason, t d 
procedure of allowing only a 15-min. drinking per!’ 


5 e ear was stuck with a hypodermic needle, but 7° 


he test solution was either 2, 9"? 


or 20 per cent glucose or water, The control ane A 
ays: 

3 c S were used on alternate 

Each test solution was used twice under both control 

and intravenous conditions, 


| 
| 
| 
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Results 


_ The results are shown in Figure 7. The 
similarity between these data and the data 
resulting from the stomach loading of hyper- 
tonic glucose solutions, as reported above, is 
very striking. Following the injection of 
Intravenous NaCl, the water intake increased, 
as would be expected, and likewise the intake 
of the hypotonic 2 per cent glucose solution 
Increased to a lesser extent. For the more 
Concentrated solutions of glucose, however, 
the opposite was true. Both absolutely and 
telative to the water base line, the intake of 
5.3 and 2) per cent glucose solution was 
diminished. This is precisely the form of the 
Previous data which resulted from the stomach 
loading of the hypertonic, _less-preferred 
glucose solutions. 


DISCUSSION 


This present study bears specifically on 
the mechanism mediating the declining 
Preference for the higher concentrations of 
carbohydrate solutions. Experiments 2 and 3 
Suggest that the higher concentrations 
(stronger than 5.3 per cent) are ingested in 
smaller volume (i.e are less “preferred”) 
because of their effect after ingestion. Experi- 
ment 6 shows that part or all of this post- 
Ingestion effect is dependent on the concentra- 
tion of the stomach load regardless of the 
Specific compound involved. In the case of 
glucose, NaCl, and urea, the two more con- 
Centrated, hypertonic loads depressed the 
ater ingestion of 5.3 per cent glucose as com- 
pared with the amount ingested following the 
ess concentrated, isotonic load (i.e., 5.3 per 
cent glucose, .9 per cent NaCl, or 1.7 per cent 
urea). The inquiry, then, narrows down to 
the chain of events that follows the arrival 
In the stomach of any hypertonic solution. 

One thing that happens in the stomach is 
a fairly rapid withdrawal of fluid (10, 13). 
oe such hypertonic solutions are passed 
A to the small intestine, they are diluted to 
(rye ncentzation approximating isotonicity 
T ). This fluid withdrawal has two things to 
“commend it as the crucial factor for the 
Post-ingestion or stomach-loading effect. Eist 
A is an effect that is quite nonspecific to cs 
Ype of solute, depending primarily om pe 
gree of hypertonicity of the solua 


Secondly, this process in the stomach occurs 
immediately after ingestion, which satisfies 
the time requirements as delineated in Experi- 
ment 4. a 

The fluid withdrawn into the stomach is 
hypotonic (11). Thus, the animal not only 
loses fluid into the lumen of its stomach but 
also is left for a period of time in a relatively 
hypertonic condition. This hypertonicity is 
probably the basis for the increased thirst 
which was uniformly one of the effects of the 
various hypertonic stomach loads. 

It is suggested that this transitory hyper- 
tonic or dehydrated state is the physiological 
mechanism that operates to limit further 
ingestion of the hypertonic solution that had 
set off the chain of events here postulated. 
Before inquiring further into what the details 
of such a mechanism might be, let us examine 
Experiments 7 and 8 with this notion in mind. 

The intraperitoneal glucose did indeed 
produce increased thirst, but it did not pro- 
duce a depression of glucose drinking. Super- 
ficially, this appears to be a negative bit of 
evidence for the dehydration mechanism 
that has just been proposed. A closer look 
at the effects of intraperitoneal glucose, how- 
ever, suggests an interesting reason why 
this method of producing thirst might not 
have any influence on the drinking of glucose 
solutions. Fluid withdrawn into the ar 
cavity by injected glucose carries with it 
o lenhie site (5, 9). Thus, although the 
internal environment of the animal is deprived 
of fluid by this procedure, the animal may 
not be rendered hypertonic. This would 
presumedly be a case of production of thirst 
by decreased plasma volume (9). Pending 
actual comparison of these two kinds of fluid 
loss under experimental conditions comparable 
to the present ones, the most that can be 
clearly stated here is that at least there are 
two kinds of thirst—thirst that 1s accompanied 
by a decreased preference for 5.3 per cent 
glucose solution and thirst that is not. This 
point is of interest in view of the debate on 
whether decreased plasma volume or hemo- 
concentration is, in the usual case, the ade- 
quate stimulus for thirst (9). The suggestion 
here seems to be that when hypertonicity is 
involved in the production of the thirst (the 


stomach-load case), then one also sees a 
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depression in the intake of the appropriate 
glucose solutions. When the thirst is not 
associated with hypertonicity (as suggested 
for the intraperitoneal glucose case), then 
the glucose drinking is not depressed. 

The use of intravenous NaCl is one way 
to check on the idea that hypertonicity is 
responsible for the effect of the various stomach 
loads on glucose intake. It is clearly a case 
in which the increased thirst is the result of 
hypertonicity in the internal environment of 
the organism (6). It is confirmatory of the 
present hypothesis, therefore, that after 
intravenous NaCl the rabbit’s preference for 
the stronger glucose solutions did indeed 
diminish in the expected way. 

In speaking of the organism as “hypertonic,” 
the implicit reference has been to the extra- 
cellular fluids. In actual fact, of course, if 
the chain of events stopped at that point, 
it would be difficult to see how the animals’ 
subsequent drinking would be affected. 
Changes in the concentration of the extra- 
cellular fluid, however, have secondary effects 
on intracellular fluid, and so cellular function 
is finally influenced. In the present case this 
end result would be intracellular dehydration 
(6). 

If the hypertonic glucose solutions do have 
their effect on later sugar drinking through 
the mechanism of hypotonic fluid withdrawal 
in the stomach, then the following sequence 
of events might be expected in normal sugar- 
drinking behavior. When the animal drinks 
a hypertonic glucose solution (more concen- 
trated than 5.3 per cent in the present work), 
the first small volume that is ingested with- 
draws hypotonic fluid into the stomach. This 
osmotic effect of the ingested sugar solution 
results in intracellular dehydration at some 
point in the body. When this dehydration 
has proceeded far enough, it terminates the 
further drinking of the hypertonic glucose 
solution. This will be recognized as a type of 
control generally referred to as a negative 
feedback system. The Stomach-load data 
show that the more hypertonic the load, the 
more vigorous is this effect; and, comparably, 
the more hypertonic the test solution, the 
more rapid is the termination of the maximal 
rate of drinking. 

It is pure speculation at present to consider 
where in the body the crucial intracellular 
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dehydration might take place. It would be 
interesting to know whether it is a direct 
effect on the peripheral taste receptors or on 
some more central part of the nervous system. 
Recording from taste fibers in animals under 
varying degrees of dehydration and employing 
variously concentrated solutions for stimuli 
would be one possible way of getting at the 
peripheral part of this problem. From the 
standpoint of the central nervous system, it 
has already been suggested that there are 
receptors in the supraoptic area which are 
sensitive to changes in the osmotic pressure 
of the circulating blood (21). 

Finally, you will recognize that the dehy- 
dration process suggested here is a nonspecific 
mechanism to account for the operation of a 
specific hunger. This idea necessarily pec 
question. Do some of the previously reporte 
instances of specific hungers only appear 20 
be specific because of the limited choice ° 
substances offered the animal? In other words, 
is it possible that to some extent the sub- 
Stance-specific behavior that has been note 
in the past is due to the fact that the anme 
has been offered specific substances? Penang 
experimental checks of the generality of o 
notion, it can only be offered now as a poin 


5 PREE : is 
to be kept in mind in future research in th 
area. 
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APERIODIC FEEDING BEHAVIOR IN THE ALBINO RAT! 


ROBERT A. BAKER? 
Stanford University 


Hunger, as evinced in the albino rat, has 
long been assumed rhythmical or cyclical in 
nature. To a large extent this assumption is 
based on Richter’s discovery (8) that food- 
deprived rats exhibit a 2-hr. cycle of activity, 
as well as his subsequent finding that eating 
shows a 2- to 4-hr. cycle when food is available. 
The confirmation of these findings and the 
establishment of a relationship between 
feeding, activity, and the contractions of the 
stomach not only substantiated this assump- 
tion but offered strong support to the gastric 
theory of hunger. Although more recent evi- 
dence (6, 12) casts grave doubt on the belief 
that stomach contractions are the ultimate 
cause of food intake, there has been little or 
no challenge of the hypothesis that “hunger” 
is truly cyclical. If hunger is operationally 
defined in terms of the instrumental act of 
approaching food or the consummatory 
response of food ingestion (4, 7), several 
reports (1, 2, 3) suggest that feeding behavior 
is under the control of numerous environ- 
mental variables and, when free of these 
factors, may be essentially aperiodic. 

The present study was undertaken to 
measure the feeding or hunger rhythms of the 
albino rat in an experimental situation in 
which the influence of several environmental 
factors was held at a minimum. Although the 
title betrays and anticipates the results, 
under these conditions little or no evidence 
of cyclical or rhythmical feeding was obtained. 


METHOD 
Subjects and Apparatus 


The Ss employed were 50 experimentally naive 
albino rats from the colony maintained by the Stan- 


1 This paper is adapted from a thesis presented to the 
Department of Psychology of Stanford University in 
partial fulfillment of the Ph.D. degree. I am indebted 
to Drs. D. H. Lawrence and Calvin P. Stone for their 
advice and criticism, and to the Nutrition Foundation 
of New York, New York, for financial support. 

? Now at Human Resources Research Office, Human 
Research Unit No. 1, The Armored Center, Fort Knox, 
Kentucky. 


ford Psychology Department. Half the Ss were ai 
and half were female. The ages ranged from 60 to 9 
days at the start of the experiment, and the average 
animal weighed 134 gm. The animals were housed m 
50 individual living cages of uniform materials ani 
dimensions and so constructed and arranged that soaa 
cues were eliminated. Each cage was fitted with a 
detachable food box at one end and a water bottle at 
the other end. Hinged metal doors opening from the 
inside of each cage allowed the animals to gain entrance 
to the food boxes, Lever-arm microswitches were 
mounted above each door in such a fashion that ‘ 
Monitoring circuit was closed at each opening of g e 
hinged door. This arrangement is a variation of Skin 
ner’s (9) apparatus for studying feeding. Since the fog 
box was set slightly below the floor level of the cast 
the rats had to withdraw from the food box befor 
eating. Food consisted of the standard Purine Dee 
Chow processed so that ten pellets of standard S12 
and weight constituted 1 gm. of food. m 
The experiment was conducted in a large room Hae 
which all external illumination was excluded. Contra 
and uniform interna] illumination was assured by A 
120-w. bulbs mounted in the experimental room in aye 
a fashion that all 50 living cages were constantly ae 
uniformly illuminated, Illumination was mela 
continuously, both day and night, for the entire on - 
of the experiment, Temperature variations were C° < 
trolled by small electric heaters thermostatically TS" 
lated to maintain a room temperature of 80° Be 
Twenty-four-hour records of the animal’s fee‘ ile" 
behavior were made by an Esterline-Angus multiP 
unit ink recorder. This apparatus was situated © 
to make any possible effects of the sound of its oP is: 
tion negligible. In order to rule out any further ntal 
turbances due to extraneous noise, the experim? 


red 
room was closed except for times when Æ fed and c% 
for Ss, 


Procedure 
. the 
On the first day of experimental adjustment ted 


lifted and fixed, allowing the Ss an unobstructed ‘hat 
of the food pellets, The pellets were of such sizè food 
not only did the rat have to reach down into the 4 
box to obtain them, but it was able to procure 20 was 
only one pellet at a time. Hoarding of the pellets age 
Prevented since the wire mesh openings of iN ed 

floor were larger than the pellets. If the rat drop? the 
Pellet, it could not retrieve it. This necessitate” in 
Placing of small tin Pans beneath the cage 109 | pe 
order that the number of unconsumed pellets c0" food 
determined. After four days of adjustment to t singe? 
pellets and feeding from the food boxes, the a 
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aoors were lowered, thus making it necessary for the 
animals to push the door outward in order to obtain 
the pellets, 
eee the ten-day experimental period 24-hr. 
ee La a the feeding behavior were taken. Each food 
ao s supplied with 30 gm. (300 pellets) of food every 
ea ng, and every water bottle was filled. The food 
nd water were checked once every 12 hr. to insure a 
constant ad libitum supply. 
5 eae each feeding the food was weighed for each 
RA ividually and again following collection of spillage 
and remains at the end of the 24-hr. feeding period. 
Me onlinea records of the feeding behavior 
H taken on 20 Ss each day for the ten-day period. 
ifferent Ss were measured each day, each S being 
a equally often throughout the observation 


Measuring and Scoring Procedure 


Dae circuits of the Esterline-Angus recorder are 
at a so as to permit one to obtain continuous 
ha ords of both the time and rate of the feeding be- 
a vior. It is thus possible to obtain measures of the 
Saunt consumed, the time consumption occurred, 
a the rate of consumption. Although the specific 
esignation of a feeding period is somewhat arbitrary, 
the following criterion was employed: If at least three 
re ae occurred, separated by no more than 5 min. 
etween openings, a feeding period was scored. If 
at least 15 min. elapsed between a group of three or 
More openings, two feeding periods were scored. Meas- 
Fenai were made over a 24-hr. period starting at 
pt A.M, The scoring procedure was as follows: If a 
eeding period began in one hour and extended into 
the next hour, the hour in which the feeding period 
began was considered the hour in which the period 
occurred, The time between successive feeding periods, 
owever, was computed in minutes elapsing- On 
Occasions wherein several openings occurred close 
together, followed by a period of Jess than 15 min., and 
ve several more openings occurred, the openings were 
ill scored as one feeding period according to the 15- 
min. criterion. Evidence that this scoring procedure 
pan clearly effective in portraying the nature of the 
pone behavior was furnished by the close cor 
spondence of the number of openings and the meas- 
ure of the amount consumed, obtained by weighing the 
ood remaining in the food box. 


RESULTS AND DISCUSSION 


The amount of food consumed per 24 hr. 
for the ten-day ad libitum feeding period, 
Obtained by weighing the food remaining, 
totaled 11.90 gm. The mean amount consumed, 
obtained from the Esterline-Angus records, 
totaled 14.43 gm., revealing a discrepancy of 
only 2.53 gm. between the measures: This 
discrepancy was well within the range of 
Spillage. It would seem evident that the Ss 
Opened the food box only to eat. The average 
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amount consumed, the amount consumed at 
each feeding period, the number of feeding 
sessions, and the time between feeding ses- 
sions for the ten 24-hr. periods are presented 
in Table 1. 

Although the average time between feeding 
sessions for all the Ss was approximately 2 
hr. (125.61 min.), the variability is so high 
(average SD = 92.54 min.), that this mean 
time between feedings does not adequately 
describe the behavior. 

In order to illustrate the arhythmicity 
characterizing all Ss, the individual means 
for a random sample of 12 Ss measured for 
four days are presented in Table 2. While the 
aperiodic nature of the feeding behavior is 
indicated by the large SD’s, other methods are 
available for discovering randomness or a lack 
of randomness in sequences of observations 
(5). These methods assume that the obser- 
vations constitute a random sequence and 
then determine a function of the observations 
for testing the randomness of the sequence. 
If a set of values of a variable has been ob- 
tained by taking samples at regular time 
intervals, and if a trend or nonrandom pattern 
exists in the sequence of values, the fact can 
be discovered by studying the runs of X’s 
and Y’s that result from the sequence. In 
the present instance if nonfeeding periods 
are assigned the letter N and the feeding 
periods the letter F, in a regular cyclical 
pattern the runs would tend to be of uniform 
length. Since the study of runs proves to be 
particularly useful in testing for randomness 
of data that have been ordered with respect 
to time, the data from the sample of 12 Ss 
measured for four days was subjected to this 
type of analysis. Of the 12 Ss only 4 proved 
to be nonrandom. Although such an analysis 
indicates randomness Or nonrandomness, it 
does not indicate the nature of the periodicity. 
Accordingly, the data of the 4 nonrandom 


lyzed further. 
Ss were analyze EA ea the ts 


The four 24-hr. pe ; 
urrence of feeding or 


were tested for the occ! f 
nonfeeding in a given hour against all the 
possible 4-hr. combinations of feeding or 


nonfeeding. This breakdown analysis is 
presented in Table 3. As can be seen from the 
distribution, no evidence of cyclical feeding 
appeared. It might be objected that Subject 
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1, for example, ate on a 3-hr. cycle for one While the aperiodic nature of the feeding 
12-hr. period but showed random feeding for seems evident, the possibility that a ia 
the rest of the period. To illustrate the lack ship existed between the amount of foo 


TABLE 1 
Feeding Behavior for Ten-Day Observation Period 


(N = 50. Twenty Ss, 10 males and 10 females, were sampled each day. Each S was measured equally often over the ten-day 
period.) 


MEAN GRAMS CON- i | NNO. | l MEAN NO. MINUTES ! r Í SD 
DAY peU PER o RANGE aaae s|. TE BETWEEN FEEDING RANGE | ner 
1 1.30 | .82-+1.86 11.4 | 7-16 127.4 65.7-187.3 | 9.7 
2 1:28 | .78-1.67 } 10.8 | 9-14 | 118.5 86.5-138.7 | ON 
3 1.35 | .92-2.15 | o8 4 8-415 | 113.3 | 72.6-172.3 61.4 
4 | 1.2 67-1.88 12.4 | 7-14 | 110.7 61.2-173.1 | 106. 
5 1.30 78-1.72 11.8 7-16 | 134.7 67.6-188.0 | 108p 
6 1.23 65-1.94 12.2 ' 6-18 1 138.7 92.4-272.5 | 110.6 
7 1.32 80-1.71 11.3 | gt | 115.4 71.4-173.2 89.9 
8 1.19 81-1.58 11.6 | 7-15 | 120.8 77.5-156.5 88.3 
9 1.38 79-2.21 9.2 | 14 | 132.8 76.8-167.7 | ee 
1.37 89-2.14 10.9 3 . 
10 | | 6-15 | 143.8 72.5-191.0 | 930 
Total 12.94 111.4 | | 1256.1 925.4 
Mean 1.29 11.1 i | 125.6 Le 
TABLE 2 


Test for Periodicity of Feeding and the Individual Means for a Random Sample of 12 Subjects, 6 Males and 
6 Females, Measured for Four Days 


= 
| = RANDOMNESS TESTİ ee” 
PAN NO. ee 
sonyecr | NOESY | coxsuweo ree] soo | pases | gp xox | 
DING PERIOD ING PERIODS gn FEED- | puns b 
| PERIODS pee a 
1 9:8 1.33 135 125.2 60.4 | 3 | 57 | ot | -00!* 
2 7.8 1.27 29 150.8 122.4 | 30 | 58 | 53 | 427 
3 9.0 1.72 59 134.8 89.9 | 31 | 65 | 46 | -250 
4 14.3 85 133 90.5 49.6 | 48 | sa | 52 | -484, 
5 12.3 .78 .25 104.8 74.4 | 39 | 59 | 35 | 006, 
6 12.8 1.14 62 | 811 | 69.4 | 36 | ot | 57 | -008 
7 12.0 ‘98 38 i 929 67.5 | 38 | s8 | 45 | -34 
8 8.8 136 | (38 131.6 49.3 | 57 | 42 | 55 | 48 
9 7.5 1.69 39 171.5 92.9 | 49 | 51 | 53 | -337 
10 9.0 1.41 37 126.9 103.6 | 38 | 6 | st | -227, 
1 9.8 118 | 7 137.3 109.9 | 32 | 59 | 36 | %1 
12 11.8 ‘4 | 35 j Tog | 65.4 | a2 ss | a7 | oai 


* Statistically significant value, 

f Since the values of F and NF are larger than 20, 
2NiNa sy and the variance js 2VtN2(2NuNa— Mi — N»), 
M4; +N: al ei (Wi-+ Wa)! (Mi N) The expected mean (number runs) minus the obtained mean 
tuns) divided by the variance is the equivalent of the cri 
the probability of occurrence. 


imati +. instance 
a normal approximation may be used. The mean in this instan 
(number 


i s ives 
tical ratio. When the table of the normal curve is entered, this value £ 


of such short-term periodicity, the entire ingested and the time of self-imposed dep ae 
run was as follows: tion was also examined. The aperiodic n ae a 
x . " e on 
NNFN FNFN NNNF FNFF NNFN Pury OF the feeding might well be becaus ecasio™s 
NNNF FNPF NFNF FNNN FNNF NENN few Pellets were consumed on each oc og 
ENNN FNNF NNFF FNFN NNFN NNNF necessitating frequent returns to the mi 
NENN FNFN FFNF NFNF FNNN FNNN box, whereas if a large amount were consu 
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a Loe era. longer time intervals would 
ahaa s p feedings. Accordingly, for the 
e |2 Ss the product-moment correla- 
| cients between the amount of food 
ingested and the time of self-imposed depriva- 
= for the four-day period were determined. 
o Significant relationship between the amount 
consumed and the self-imposed deprivation 
time was obtained for any of the 12 Ss. 


TABLE 3 


Test for Periodicity of Feeding in the Four 
Nonrandom Subjects 


ENT OV SUBJECT AND SIGNIPICANCE LEVEL 
OF FEEDING* 1 6 5 11 
p = .001 | p = .008| > = .006 | p = .011 
1. NNNN 1 6 4 
2. NNNF 3 1 1 5 
3. NNFN 3 1 $ 
4. NENN 2 8 1 1 
5. FNNN 4 2 2 3 
6. NNFF 1 2 
7. NEFFEN il 2 1 
8. FFNN 3 2 
9. NENF 2 
10. FNFN 4 4 Í i 
11. FNNF 2 1 1 2 
12. NFFF 1 3 
13. FFFN 1 1 
14, FNFF 2 1 2 
15. FFNF 1 1 2 
16. FFFF 1 í 
Totals 24 24 24 24 


oN indi š 
k N indicates no feeding occurred within a given hour; F indi- 
ates feeding did occur within a given hour. 


is experiment it 
l-defined feeding 
Arhythmicity 


From the results of th 
would seem that no wel 
rhythms were in evidence. 
characterized all individual Ss. It must be 
assumed, therefore, that no rhythms existed 
in any of the Ss prior to the introduction of 
the environmental controls, Le, constant 
illumination, individual isolation, controlled 
temperature, ad libitum food and water, 
etc., or that the installation of the controls 
eradicated any feeding rhythms that were 
Present. 

Since Richter (8) and Slonaker (11) have 
reported the existence of 2- to 4-hr. feeding 
cycles and these observations have been 
confirmed by others, the latter alternative 1s 
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- favored. The present finding is similar to that 


of Brody (1), who has reported the extinction 
of the rat’s diurnal metabolic rhythm follow- 
ing a week of continuous light and continuous 
feeding. The present results are also in line 
with Wolf’s (13) finding that mice reared in 
darkness from birth failed to develop a diurnal 
activity rhythm. If feeding rhythms strongly 
depend upon certain cues from the environ- 
ment, a removal or alteration of these cues 
would result in the disappearance of the 
cyclical behavior. At least, in this experiment 
it is believed some such dependency existed. 
The fact, however, that the average time 
between feedings was approximately 2 hr. 
and the variability was so extreme strongly 
suggests that prior assumptions of cyclical 
feeding behavior in natural surroundings are 
largely the result of averaging rather than 
conclusive demonstration of rhythmicity in 


feeding. Until further experimentation clarifies 
ich feeding rhythms depend 


the extent to whic 
or do not depend upon particular environ- 


mental changes, it is suggested that the 
alternative hypothesis of aperiodicity in feed- 


ing be seriously entertained. 


SUMMARY AND CONCLUSIONS 


Records of the feeding behavior of 50 
albino rats were obtained for a ten-day period 
under uniform environmental conditions. The 
subsequent analysis of the feeding behavior 
revealed that no feeding rhythms were in 
evidence for any of the 50 Ss. It is suggested 
that feeding rhythms strongly depend upon 
cues from the natural environmental cycles 
such as temperature and illumination. In 
addition, social cues and prior feeding experi- 
ence may be contributing factors. When these 
cues are removed or minimized, aperiodicity 


characterizes the feeding behavior. 
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soc 
IAL FACILITATION OF EATING BEHAVIOR IN PUPPIES AFTER SATIATION 
W. T. JAMES 


University of Georgia 


wie experiments by Ross and Ross on 
eatin oe group feeding (2) and group. 
facli ter satiation (3) indicate that social 
re ae ion is a significant factor in eating 
“a = among dogs. In both experiments it 
diferes ent, however, that there were wide 
ms nees in the effect of social facilitation 
Ler ates Some dogs ate the greater 
cae Ne their total intake alone, while 
z ate less of their total intake alone and 

ere greatly influenced by the group. It is 
E pe that there were constitutional varia- 
differ among the dogs which would explain the 
i sad in susceptibility to social facilita- 
be A ami indicated that dominance might 
T of the important factors, but found no 
aay relationship between dominance and 

od intake under the conditions of his experi- 
Wine If animals were used in which there 

ere wide differences in dominance appearing 
early in life, the importance of this factor 
meen be emphasized. Among the hybrid 
ay era used at the University of Georgia, 
aie ae variation has been 
aad o the most significant differences found, 
à these animals seemed to be good material 
or further analysis of this problem. 


PROBLEM 


The present experiment investigated the 
effect of group feeding in puppies following 
Satiation in individual feeding, with emphasis 
on the relationship between dominance and 
ability in food intake under each condi- 

n. 


METHOD 
Subjects 


The Ss of the experiments were five Fz generation 
March 23, 1952. The 


beagle-terrier hybrids, born on M 
Puppies were 35 days old at the beginning of the ex- 
Feuiments and 75 days old at the completion of the 
eee They were born in the laboratory and were 
ans in studies on sensitivity and movement patterns 
>: ring the first four weeks of life. The food used in the 
pements consisted of Purina Kibbled Meal soaked 
th Warm water. Every attempt was made to prepare 
food with the same consistency from day to day. 


Procedure 


In the first part of the experiment each ani 
fed once a day in the late afternoon for 20 ae The 
animal was weighed on an autopsy scale graduated in 
10-gm. units, and then placed in the experimental 
room and permitted to eat all the food it desired. 
The animal was weighed again to determine the 
amount of food eaten. The second weighing occurred 
only after the animal walked away from the pan and 
refused to return to it. 

After the five animals had been fed all they would 
eat alone, they were brought back into the room as a 
group. Each animal was weighed again to determine 
the weight loss, if any, due to defecation and urination 


during the interval. A large pan of food was placed 
before them, and again they were permitted to eat 
all they wanted. As a rule, alone each dog would 


eat all it wanted in from 5 to 8 min. Since the dog which ~ 
was fed first had a greater interval of time between the 
first and second feeding, the dog which was fed first 
on one day was fed last on the following day. In this 
manner all dogs were fed in the first, second, third, 
fourth, and fifth positions four times. 


Control Tests 


Since it was possibl 
food in the second pr 
tests were run for ten 
turned to the room singly a sect 
to eat again. The same general 
followed during the control tests as in the ex 


se 


e that an animal would eat more 
esentation in any case, control 
days in which each dog was re- 
ond time and permitted 
] order of feeding was 
perimental 


ries. 

Following the above tests an analysis was made of 
dominance order among the puppies by the procedure 
which has been described previously (1). It involved 
bringing the animals together first as & group and later 
in combinations of two and three, to determine which 


animal would obtain food in a competitive situation. 
The interest was in determining if the dominance order 
was important in eating behavior in the above tests. 


RESULTS 

been handled by calculating 
the chi-square values between the number of 
times each dog ate more food alone or in 
social feeding in the experimental tests, and 
the number of times each animal ate more 
food in the first or second feeding in the 
control tests. For example, animal 41 ate 
more food alone 3 times in the experimental 
tests, while in 17 cases the animal ate more 
with the group. In the control tests this dog 


The data have 
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ate more food in the first feeding in 9 of the 
10 tests. The same data were obtained on all 
animals. The chi-square values between the 
experimental and control data are shown in 
Table 1. 

The values for dogs 41, 44, and 45 are 
significant beyond the 5 per cent level. For 
animals 42 and 43 the values are not signifi- 
cant. Animals 42 and 43 seemed to be less 
dependent on group action and less affected 
by the group in eating behavior than the other 
three dogs. 


TABLE 1 


Chi-Square Values between the Experimental and 
Control Tests 


DOG..... 41 42 43 | H 45 


x? | 15.64 | 1.47 2.14 | 5.47 4.55 


Dominance and Eating Behavior afler Satiation 


When the dominance order of the animals 
was determined, one difference was observed 
which may be important for the variation 
in susceptibility to social facilitation. Animals 
42 and 43 were the dominant members of the 
group, with 42 slightly more dominant than 
43. The order of dominance below these two 
animals was as follows: 45, 44, and 41. The 
results suggest that the dominant dogs were 
less affected by social stimulation and that 
the least dominant dog was most affected 
by the group. 


DISCUSSION 


The relationship between dominance and 
eating behavior was surprising, since it was 
expected that the dominant animals would 
eat a higher percentage of food in the social 
situation. Competition was not involved in 
the eating behavior since the pan was large 
enough for all dogs to eat together, and none 
could be pushed away from the food. It does 
not seem reasonable to assume that there was 
a stronger hunger drive in the dominant 
animals and that for this reason they ate a 
greater part of their total food intake during 
the first presentation of food. This may have 


been a factor, however. Constitutional differ- 
ences may be important. It is possible that 
the dominant animals are in general more 
vigorous, independent, and enter into all 
behavior with a greater energy factor than 
the submissive animals. This variation be- 
tween dominant and submissive animals has 
been entirely overlooked. In any case, the 
variation in vigor with which the dominant 
animals enter into each activity in comparison 
with the submissive dogs is a problem which 
warrants further study. 


SUMMARY 


For 20 days five second-generation beagle- 
terrier hybrid puppies, 35 days old, a 
fed all the food they would eat individually 
and then, immediately, they were presented 
with food again as a group. For 10 days co”: 
trol tests were conducted in which each ma 
was fed twice individually. The chi-squat 
values were determined between the number 
of times each animal ate the most food al 
social or individual feeding in the experimen é 
tests, and in the first or second feeding 17 t t 
control tests. These values were signifos 
within the 5 per cent level of confidence } 
three animals, suggesting influence of gou 
action on eating behavior, and not significa t 
in two animals. The latter were the domn P 
members of the group. The results indica 
that dominant animals are less dependen” 
upon, and less affected by, social facilitat s 
Tt is suggested that the dominant animals ha 
constitutional factors which cause them q5 
enter into all behavior in a more vigoro ts 
and active manner. Further experime? 


+. $a COU" 
need to be done, however, before this is © 
clusive. 
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ELEVATION OF ACTIVITY L 
EVEL IN THE RAT FOLLOWING TRAN: 
SI 
AD LIBITUM TO RESTRICTED FEEDING oe 


JOHN F. HALL, KENDON SMITH, SAMUEL B. SCHNITZER, Ann PETER V. HANFORD! 
The Pennsylzania State College 


Psa ered her of Finger (2) and of 
ee : | m demonstrated a 
alc dered aoan white rat. An 
water, for a day 
or more, not only exhibits a progressive eleva- 
m in activity level, but, when food or water 
restored, displays a radical depression in 
activity to a point well below normal. The 
latter effect is the satiation syndrome, and 
it is testimony to the fact that activity level 
(and, presumably, motivational level) is not a 
simple function of the animal’s nutritional 
regimen. 

As Finger indicates, this finding has im- 
Portant methodological implications. One of 
them might be as follows: Rather generally, 
learning experiments employ as Ss white 
rats under something like a “23-hr. hunger 
drive”; the animals are deprived of food for 
23 hr. and run and fed during the twenty- 
fourth hour of each successive experimental 
day. It is assumed that the daily periods of 
deprivation, being equal in length, induce 
equal motivation during the daily run 
Periods, that no cumulative effects arise, 
thus, that the entire learning process is un- 
contaminated by systematic changes in level 
of drive. This assumption may be unjustified. 
The experimental animals are customarily 
shifted from an ad libitum regimen to the 
feeding schedule characteristic of the problem 
only a few days before experimentation begins; 
and, if it should be true that such a shift is 
followed by a gradual alteration of drive 
level, any experimental data generated might 
well be distorted by the change. 

The purpose of the study reported here was 
to explore this possibility. Specifically, the 
problem was to measure changes in general 
activity in the rat following transition from 
esearch for the master’s 
uthors under the direc- 
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unlimited feeding to a 23-hr. per day depriva- 
tion cycle. Toward this end, two separate 
experiments were performed, and they will 
be described individually below. 


EXPERIMENT I 


Method 


The Ss for this experiment were, originally, ten male 
albino rats from the colony of the psychological labora- 
tories of The Pennsylvania State College. The age of 
each animal at the beginning of the study was 65 + 3 
days. Seven animals completed the experiment and are 
reported upon here. 

The apparatus consisted of ten standard Wahmann 
activity drums, each separately mounted and each 
providing a small, stationary living cage (cf. 5, p. 53). 
The cages were provided with water bottles, and food 
was furnished in large, earthenware dishes. A counter 
on every wheel registered revolutions in either direc- 
tion. The wheels were equated for frictional torque by 


Lacey’s method (4). 

The drums were located in a light-tight room, upon @ 
macadamized floor which prevented transmission of 
vibration between drums. Auditory interaction be- 
tween animals was controlled by surgery, as described 
below. Room temperature was satisfactorily stable. 

The experiment proper was preceded by an adapta- 
tion period of 40 days. During this time the animals 
were in the drums, with food (wet mash of Rockland 
Rat Diet) and water constantly available. Activity 
records showed the usual initial increase from day to 
day, with an ultimate stabilization. f 
On the twenty-second day of the adaptation period, 
the animals were removed from the cages briefly, 
anesthetized lightly, and deafened by surgical opera- 
tion: a probe was passed through each tympanic 
membrane and rotated to disrupt the ossicular chain. 
Behavioral observation and gross autopsy suggested 
that this operation was successful; on the other hand, 
one animal was lost almost immediately, evidently 
from infection introduced at surgery. Two additional 
animals died later from undetermined causes. 
Immediately following the adaptation period, and 
the base period began. For seven 


starting at 12:00 M., p 
successive days the room was isolated and completely 
dark, save for four daily entries: briefly and by weak 


flashlight at 6:00 P.M., 12:00 P.a., and 6:00 A.M., to 
obtain counterreadings; and for an hour and a half 
under full illumination from 10:30 a.m. to 12:00 x., 
to care for the animals and to replenish food and water, 
as well as to determine counterreadings. Food and water 
were continuously available during the base period. 
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Temperature records showed a range of 71.5 + 3.5° 
F. for the entire seven days. 

As soon as the base period had terminated, and thus 
again at 12:06 m., the experimental period began. 
Animals 1, 8, and 10 were placed upon a restricted- 
feeding schedule; they were allowed access to food only 
during the period 10:30 a.m. to 11:30 A.M. each day 
(the time 11:30 a.m. to 12:00 m. was spent in cleaning 
cages, etc.). For the remaining animals, and in all other 
respects, the procedure continued as during the base 
period. This phase came to an end at 12:00 x. after 
just seven days, and a recovery period, also of seven 
days, followed; during it the base-period routine was 
followed for all animals. Immediately after this re- 
covery period, animals 2, 4, 7, and 9, previously con- 
trol animals, were placed on the regimen of restricted 
feeding. Again, this phase embraced exactly seven 
days; again, there was a recovery period, this time of 
three days. The experiment was then terminated, the 
animals were sacrificed, and autopsies were performed. 
During the entire experimental period, the range of 
temperatures in the animals’ room was 71.5 + 2.5° F. 

It is evident that the research design was one of coun- 
terbalanced order, intended to relieve the data of 
artifacts owing to changes in age, temperature, etc. 
The base period was instituted in order to determine 
for each animal a “normal” rate of running in terms of 
which subsequent performance could be expressed; 


it was hoped thus to narrow the range of individual 
differences. 


Results and Discussion 


It will be noted that each experimental 
“day” began and ended at 12:00 m. Activity 
readings were always taken at 12:00 m., 
6:00 p.M., 12:00 p.m., 6:00 a.m., and 10:30 
A.M. The period 10:30 a.m. to 12:00 m. was 
ignored in all activity records and computa- 
tions, inasmuch as this was the period during 
which £ was about the animals. There thus 
remain, for each day, four successive periods 
for which records were kept separately: 
12:00 m. to 6:00 p.m., 6:00 p.m. to 12:00 
P.M., 12:00 p.m. to 6:00 a.m., and 6:00 Am. 
to 10:30 a.m. Food was constantly available, 
except when an animal was on the restricted- 
feeding schedule. In the latter case, food 
was available only during the interval 10:30 
AM. to 11:30 a.m. each day; by 10:30 a.m. 
the animal had experienced 23 hr. of depriva- 
tion. 

In analyzing the activity records, the first 
step was to compute a base rate for each 
animal: the total number of recorded revolu- 
tions during the base period was divided by 
the total number of hours during which records 
were kept. The animal’s base rate was thus 
expressed in terms of revolutions per hour. 
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Each animal’s activity during the experi- 
mental period was then measured in the 
following manner. The animal’s mean rate, In 
revolutions per hour, was computed for each 
period of each day. This mean rate was then 
divided by the animal’s base rate to obtain @ 
figure in terms of percentage of base rate. 
Finally, all such figures were plotted against 
their corresponding daily periods for: (a) the 
seven days during which the animal was on @ 
restricted regimen, plus the subsequent three 


f base 
urvess 


Fic. 1. Running activity, in percentage © 
rate, during each period of each day. Broken © 


k itjon. 
experimental condition; solid curves, control condit! 
(Experiment I) 


days (experimental condition); and (b) Pi 
seven days during which the animal act 
as an ad libitum control on other, restrict? 
animals, plus the subsequent three dey 
(control condition). in 
The results of this procedure are show? als 
Figure 1. The individual records for 4” en 
1, 8, and 10, which acted first as experiine 
and then as control cases, appear in the ani- 
hand column of graphs. The records for 
mals 2, 4, 7, and 9, whose schedule wepand 
reverse, are presented in the right aly 
column. Abscissas represent days and 


| 


ACTIVITY LEVEL AND FEEDING SCHEDULE 431 


perl ordinates represent activity level 
percentage of base rate. Broken curves 
Sa e the experimental condition, and 
$ e the control condition. The end 
ws seventh day, where restricted feeding 
À emey to an ad libitum recovery regimen 
4 e experimental condition, is indicated 

y a small arrowhead on each abscissa. 
A p general, the individual records show 
i able control curves at about the expected 
mee ok 190 per cent. The possible exceptions 
a his generalization occur mainly among 
se ag (1, 8, and 10) which served 
i) y in the experimental condition and 
a ae may hazard, suffered a mild but 
es asting disruption of activity. The 

ypical curve for the experimental condition 

shows a steady increase in activity. Sometimes, 
as for animals 7 and 8, this rise is not note- 
worthy. Occasionally, as for animals 9 and 10, 
it is rather spectacular; animal 10 attained a 
Be of almost 5,000 per cent during one period. 

enerally speaking, the return from restricted 
to ad libitum feeding at the end of the seventh 
experimental day brought a precipitous 
decline in activity, but the satiation syndrome 
1s not immediately suggested under the present 
experimental conditions. 

Because it is difficult to show central 
tendency when. the number of cases is small, 
the individual data were summarized in two 
ways. The median activity rate for each daily 
period was determined, and the mean rate 
was also determined. The results are shown 
appropriately in the two lower graphs in the 
left-hand column of Figure 1. As it happens, 
the two statistical treatments come to much 
the same result in the end, although the means 
tend to be inflated during the final days of 
the restricted-feeding period by the extreme 
records of animals 9 and 10. 

Both the medians and the means are quite 
Stable for the control condition, there being 
ae usual repetitive daily cycle of activity. 

he records for the experimental condition, 
on the other hand, show an exaggeration of 
the normal daily cycle imposed upon & sharply 
rising base line. (Each animal’s mean hourly 
rate, in terms of percentage of base rate, 
was determined for the entire seventh experi- 
Mental day and for the entire seventh control 
day; in spite of the small number of Ss and 


the wide variation from animal to animal, the 
mean difference in activity was ii 
by ¢ test, at the .05 level.) At the eevee 
day, furthermore, experimental activity was 
still increasing steadily; additional investi- 
gation to discover its ultimate level was 
clearly indicated. 

There is, especially in the graph of the means 
(Fig. 1), a hint of the satiation syndrome 
The mean difference in activity for the 
eighth day was, however, far from statistically 
significant. Apparently an experimental con- 
dition of daily (even though restricted) feeding 
has somewhat different effects from an experi- 
mental condition of total deprivation (2). 


EXPERIMENT II 


was run to discover the 
ultimate level of the activity curve, as well 
as to verify the previous findings. The major 
changes made in the experimental conditions 
were: (a) to utilize separate experimental 
and control groups rather than employing 
the counterbalanced design used in Experiment 
I, and (b) to substitute a single daily reading 
of the activity records for the four made 
reviously. The number of activity wheels 
available (ten) necessitated running the 
study in two consecutive sessions in order to 
provide a suitable number of Ss. 


Experiment II 


Method 


The Ss were originally 20 male albino rats obtained 


from the colony of the psychological laboratories of 


The Pennsylvania State College. The 5 experimental 
n session 1 were 93 to 94 


and 5 control animals used i re 
days old at the beginning of the base period; the ani- 
mals used in session 2 were 73 to 75 days old at the 
beginning of the same period. Two control animals 
during session 1 and 1 during session 2 were eliminated 
from the study when their records indicated an activity 
of only one to five revolutions per day. Two experi- 
mental animals died during session 2. As a result of 
these eliminations, the final N was 15. 

The activity wheels used in 
also used in Experiment II; the wheels were recali- 
brated to record amounts of frictional torque equivalent 
to that used in Experiment I. 

All animals were first deafened and given one week 
to recover from the effects of the operation. The sur- 
gical technique used in deafening the animals has been 

ibed. The animals were then placed 


previously descri! 
in the wheels for an adaptation period of 14 days. Food 
and water were constantly available during this 


period. 


During the adaptation period the animals were as- 
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signed to either the experimental or control group. 
This was done as follows: Two animals were selected 
at random and a coin tossed to determine whether the 
first animal of the two was to be placed in the experi- 
mental or control group. This procedure was repeated 
until all ten animals were assigned. During session 2, 
it was arranged that the experimental animals were 
placed in wheels which had been used by the control 
animals of session 1, and vice versa. 

Immediately following the adaptation period, the 
base period began. The procedure and experimental 
conditions were identical to those described in Experi- 
ment I, except that the entries into the experimental 
room at 6:00 p.m., 12:00 P.M., and 6:00 A.M. were 
eliminated. 

The experimental period immediately followed the 
base period and continued for 21 days. The control 
animals remained on the base-period regimen. The 
experimental animals were placed on a restricted-feed- 
ing schedule and permitted access to food only from 
10:30 a.m. to 11:30 a.m. each day. Water was con- 
tinuously available. The range of temperatures through- 
out session 1 was 76 + 7°, with daily fluctuations in 
temperature rarely exceedingly 3°, The temperature 
throughout session 2 was 70 +: 4°, with daily fluctua- 
tions never exceeding 2°. 


Results and Discussion 


The steps taken in the analysis of each 
animal’s activity were similar to those de- 
scribed in Experiment I. Each animal’s base 
rate (now in revolutions per day) was obtained 
by totaling the number of recorded revolutions 
during the seven-day base period, and dividing 
by seven. The animal’s activity for each 
experimental day was then divided by the 
base rate in order to obtain a daily figure 
expressed in terms of a percentage of the 
base rate. 

The means for the experimental and control 
animals for each day of the experimental 
period are indicated in Figure 2. Analysis of 
the results for the first seven-day period 
reveals findings which are almost identical 
to those obtained during Experiment I, 
thus providing confirmation of these findings. 
As the plots indicate, activity for the experi- 
mental animals continues to rise even after 
the first week, reaching the asymptote at 
approximately the twelfth day. At this point, 
these animals averaged 1,438 per cent of their 
base rate. Records of the control animals do 
not reveal the same systematic increases, 
although their activity over the experimental 
period was consistently greater than that of 
their base rate. Their peak activity was made 
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on day 14, when they recorded 223 per cent 
of their base rate. Careful examination of the 
records, however, indicates no covariance 
between the fluctuations of the experimental 
and control groups. 

Although Figure 2 reveals gross differences 
in behavior between the control and experi- 
mental animals, it was felt that statistical 
analysis would, nonetheless, be appropriate. 


; e 
Fic. 2. Mean daily running activity, in percent 

of base rate. Broken curve, experimental condition; 

solid curve, control condition. (Experiment 1) 


The large difference between the variances o 
the experimental and control groups ne 
sitated the use of the Festinger technique a 
to test for differences in activity. Each anima n 
daily running activity, in percentage of i 
rate, was totaled and a mean obtained for 
the 21-day period. Appropriate sg 
based on these means were then given to red 
experimental and control animals. mag 
indicated that the difference between tl $ 
experimental and control groups was sign! 
cant beyond the .01 level of confidence- 


SUMMARY AND CONCLUSIONS 


Two experiments, employing a total of A 
albino rats, were conducted to determine t 
effect of an extended restricted-feeding 
schedule on activity level. The control ©? r; 
dition was one of free access to food and T 2 
the experimental condition was one of <3 
access to water but 23-hr. per day food ar oat 
vation. Visual, auditory, and samt 
factors were suitably controlled, as 
temperature. 
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Although activity during the control con- 
dition remained relatively stable, mean daily 
activity during the experimental period rose 
to more than 1,400 per cent of normal, reaching 
this level at the twelfth day of restricted 
feeding. The rise seemed to take the form of 
an exaggeration of the normal daily-activity 
cycle, imposed upon a rising base line. Finger’s 
“satiation syndrome” was not clearly present, 
but it was not necessarily to be expected. 

Methodological caution is indicated in those 
studies which essentially duplicate the motiva- 
tional conditions of the present experiment, 
yet assume no systematic change in strength 
of drive. 
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THE EFFECTS OF COMBINING HUNGER AND THIRST MOTIVES IN A 
DISCRIMINATION HABIT! 


ROBERT F. POWLOSKI 
Kansas Wesleyan University 


The effects of combining motives upon 
learning efficiency is an old problem. It is also 
a problem of considerable practical significance 
as, for example, in the areas of industrial 
production and child training. And yet there 
is no clear-cut experimental evidence as to 
whether or not the combination of two 
motives results in a learning efficiency which 
is greater than that of the more effective of 
the two motives. Muenzinger and Fletcher 
(1) combined hunger-food with shock-escape 
in the acquisition by white rats of a visual 
discrimination habit and found that the 
resulting efficiency was no greater than that 
of shock-escape alone. The Es suggest that: 
“It is quite possible that this is a fundamental 
principle of activity, namely, that the combina- 
tion of motivating factors results nol in a sum- 
mation of their effects but in an effect equal to 
that of the stronger factor” (1, pp. 88-89). 
However, they are also careful to point out 
that their results do not unequivocally support 
this conclusion. It is possible, they say, that 
the shock-escape motive is one which pro- 
duces maximum learning efficiency so that 
any combination of shock-escape with any 
other motive would not produce an increased 
efficiency. In order to obtain unequivocal 
results, it would therefore be necessary to 
employ motives which singly do not produce 
maximum efficiency. This is the method used 
in the present study. For only if one uses 
relatively weak motives, might one expect 
to find that their combination would produce 
a greater learning efficiency than that of 
either motive alone. 

Certain theoretical considerations led the 
writer to predict, however, that this would 
not happen. In an unpublished paper, “A 
Theory of Motivation,” Muenzinger proposed 


? This is a portion of a thesis submitted in partial 
fulfillment of the requirements for the Ph.D. degree 
at the University of Colorado. The author wishes es- 
pecially to thank Dr. Karl F. Muenzinger for his 
generous advice and encouragement. 


that the principle of figure and ground de- 
scribes the fundamental organization ae 
only in perception but in other aspects 0. 
behavior. “It would be a reasonable hypoth- 
esis,” Muenzinger writes, “to assume the 
operation of the principle of figure and ground 
not only in discrimination, but also in motiva- 
tion, performance and affectivity.” After 
discussing the latter two, he continues, uy 
human motivation complexity of motives iS 
the rule and yet here, too, we must assume 
the operation of figure and ground, namely; 
that one motive stands out as the dominant 
one at any time while the others form the 
relatively neutral ground. Given the close 
functional interrelation between motivation 
and discrimination, what else could w® 
assume?” 

On such a theoretical basis the hypothe 
underlying the present study can be formulate 
as follows: Whenever we combine two or ne 
motives, one of them will stand out 25 r 
figure and manifest itself in discrimina tit 
and the efficiency of performance. There is 9 
additive effect. If we had two motives © 
equal strength, as measured by efficiency oe 
performance (speed, trials, errors), the cor 
bination of the two should produce a leva 
of efficiency as great as that produced by s 
single motive. And if we combine two moby 
of unequal strength, we should expect a ie 
of efficiency no greater than that of the ee 
motive, or perhaps one lying between t! ; 
of the weaker and that of the stronger map 3 

In general terms, our problem will be 
study the effects of combining relatively phe 
motives upon learning efficiency. Specifica y 
we shall employ two strengths each of buns 
food and thirst-water motives and their fo 
combinations in the acquisition of a bla 
white discrimination habit by hooded rats- 


sis 


METHOD Ps 
A * epi mine” 
The apparatus consisted of a Y-shaped ket) 


tion box with black (positive) and white (neg 
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cards at th š 
ine a ioe penn oa alleys during the learn- 
tining? y cards during the preliminary 

The z ; 

Mr hg were 80 naive, male and female, hooded 
Pecos i colony at the University of Colorado 
the beatining, of. pae 47 males and 33 females. At 
ately G0 deve ata experiment they were approxi- 

Tei seca old. There were 10 Ss in each group. 
PES AES were trained with 6-hr. and 23-hr. food 
a EEE and two groups with similar 
e A aona TE fifth group was subjected toa 
Sei to a T23 r. food and water deprivation and the 
panera) -hr. food and water deprivation. The 
Hewat group was subjected to a 6-hr. food and a 23- 

er deprivation, and the eighth to a 23-hr. fi 
and a 6-hr. water deprivati : a 
with Gee er deprivation. We thus had four groups 

The cated four groups with combined motives. 
lich the at kee lasted four days during 
gray cards ae oo the apparatus with 
eet we learning series the correction method was 
the Bae: an animal made an error, it could not enter 
finally ae es door, but had to retrace until it 
los Ais ered the goal chamber through the black- 
rial gin at An error was counted whenever the ani- 
ava Be both rear legs beyond the elevated barrier 

On Day to a choice alley. 
flats ne e it four days all animals were given 5 
they rA ay, so that by the end of the fourth day 
TEA received a total of 20 trials. The sequence of 
LRRLL. D of the black panel was as follows: Day 1, 
LRLLR’ k ay 2, RLRRL; Day 3, RLLRR; Day 4, 
mae T rom this time until the end of the experi- 
follawing animals were given 10 trials per day with the 
RRI sequences on alternating days: LRRLLRL- 

Li and RLLRRLRLIR. 
me aa measured by syn 
ee ee at both doors of the apparatus, were 
first ek for all experimental trials beginning with the 
Geer e criterion of learning was two successive 

ae s days of ten trials each. 
öl Ei, bagi consisted of Purina Dog Chow, @ pellet 
dition was placed in the goal chamber in the con- 
BAs food deprivation. In the case of water dep- 
fine n the goal was }4 cc. of water in a 6-mm. glass 
thts as a 2-mm. orifice. The tube extended 2 cm. 
1g in e goal chamber through a hole in the rear wall 
FN above the floor of the goal box and in the center 

ae chamber. 

One week before the beginning 
cane were gradually adjuste 
ee This was true for all groups including the 
a aay a 6-hr. deprivation, which had food, or water, 
an present in the home cages for 18 hr. of the day. 
e le first day the animals were placed in separate 
Dra in the feeding room and allowed to eat and drink 

a uated of 3 hr. By the end of the week this perio 
Nad been reduced to 45 min. and this feeding schedule 
pemeintaines until the end of the experiment. 

or the animals on a 6-hr. deprivation schedule the 


chronous clocks and 


of the experiment the 
d to a short eating 


e obtained from the 
ich is 


formation W: 
ce economy- 


2 ; 
ae als of construction may b 
in r. So also may any other in 

ed in this article for reason of Sp% 
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pee (food, water, or both) was removed from their 

home cages in the morning, and they were run in the 

ait E aa ree Those animals on 23-hr. depriva. 
never had the corresponding incentivi ; t 

t e 

in the home cages after the experiment r preat 


RESULTS 


„Table 1 presents the mean learning effi- 
ciencies of all groups in terms of reinforce- 
ments, errors, and latencies to reach the 
criterion. Tables 2 and 3 present the signifi- 
cance of the mean differences for reinforce- 


ments and errors. 


TABLE 1 


Reinforcements, Errors, and Mean Latencies for all 
i Groups to Reach the Criterion 


——— 


REINFORCE- 
GROUPS® ee ett TATEN- 
CIES IN 
M | oF M o SECONDS 
la H6 105 | 65 | 36.0 | 60.8 9.63 
1b T6 134 | 144 | 41.7 | 73.0 17.18 
1c H6-T6 121 | 109 | 39.5 75.76 | 11.60 
2a H23 78 | 136 | 29.9 | 58.09 | 7.07 
2b T23 73| 81| 29.6 | 13.84 | 3.71 
2c H23-T23 79 | 49 | 27.6 7.75 | 4.95 
3a H6-T23 36 | 104 | 29.6 | 33.84 4.14 
3b H23-T6 83 | 141 | 29.2 | 11. 16 | 3.95 
7S oe 
e N = 10 per group. 
The design of the experiment as à whole 


permits a statement of the results in terms 
of four separate comparisons, each of which is 
concerned with three groups, two with single 
motives, which were combined in the third 


group. i 
Comparison 1, weak hunger, weak thirst, 
and their combination: Groups 1a, 1b, and 
1c. The combination group falls between the 
single groups in terms of all criteria. t 
Comparison 2, strong hunger, strong thirst, 
and their combination: Groups 2a, 2b, and 
2c. The combination group is insignificantly 
poorer than both single groups in terms of 
reinforcements and insignificantly better in 


terms of errors. 

Comparison 3, strong hungi 
and their combination: Groups 2a, 1b, and 
3b. In terms of reinforcements the combina- 
tion group falls between the single groups, 


and in errors it is insignificantly better than 


the better of the two. 
Comparison 4, weak hunger, strong thirst, 


er, weak thirst, 
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and their combination: Groups 1a, 2b, and 
3a. In terms of reinforcements the combina- 
tion group falls again between the single 
groups, and in errors it is the same as the 
better of the two. 

To summarize: In terms of reinforcements 
the four combination groups are in no case 
better than the better of the two relevant 


TABLE 2 


Significance of the Difference between Trials for a 
Combination of the Eight Groups Taken Two 


at a Time 
fa 
edad 1b | 1c | 2 | 2 | 2 | 3a | ab 
o 
la | — | .001 01 01 | .001| .001| .01 01 
1b = 05 | .001| .001| .001} .001/ .001 
1c p= 001| .01 01 | .01 01 
2a — * * * * 
2b c z -02 10 
2c x * + 
3a — * 
3b | cs 


° Difference is not significant. 


TABLE 3 
Significance of the Difference between Errors for a 
Combination of the Eight Groups Taken 
Two at a Time 


GROUP | 1a | 1b Ic 2a 2b 2c 


3a 3b 
la |—| .20| * 10 | .02 | .01 05 | .02 
1b ri a 01 | .01 | .01 01 01 
Ic — | -05 | .01 | 01 02 | .01 
2a am * * * * 
2b = 20; * = 
2c — * * 
3a = = 
3b 


* Difference is not significant. 


singly motivated groups. In terms of errors 
one combination group, 1c, is poorer than the 
better of the single groups; one, 3a, is the 
same as the better one; and two, 2c and 3b 
are insignificantly better than the better 
ones of the relevant single groups. 

The latencies show the same relations as 
the reinforcements (trials to criterion), except 
in group 3b. 

Another aspect of the results deserves 
special mention. All groups having 23 hr, 
of deprivation, either singly or in combination, 
are significantly superior to all groups having 
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only 6 hr. of deprivation, singly or combined 
in terms of reinforcements and errors. With 
tension assumed to be an increasing function 
of duration of deprivation, a comparison of 
the low-tension with the high-tension groups 
shows an increased efficiency in performance 
with an increase in tension. 


DISCUSSION 


Our principal interest in this experiment 
was to determine whether a combination of 
two motives would yield more efficient per- 
formance than would either motive used 
singly. On the basis of a theoretical analysis 
formulated by Muenzinger it was hypothesized 
that motives in combination do not produce 
a resultant tension which is additive in effect; 
the combination is not like the product of 4 
parallelogram of forces. Instead, the hypothe 
sis proposed here was that motives in com 
bination produce a tension perhaps as great aa 
but not greater than, the tension of the stronge! 
motive. 

The results of the four subexperime 
would seem to confirm our hypothesis. 
pecially striking is the effect of combining 
two weak motives of 6-hr. deprivation of foo 
and water. The group with combined motive 
1c, was in terms of all three criteria bette 
than one of the singly motivated grouP® 
group 1b, and poorer than the other 02% 
group la. If a combination of motives We 
to result in a learning efficiency greater t cE 
that produced by the better one of the sing 
motives, this should have been the occasio” 
Since there was a large margin between 
learning efficiency resulting from the rat 
weak single motives and possible maxim 
efficiency in the particular situation used: a 

A comparison between our low-motivat!o; 
groups and our high-motivation groups * p 
vealed that the groups with high motivat!® 
were more efficient in terms of trials, ef" 
and latencies. Assuming that performanc? 
a function of the tension induced by motiva 
tional conditions, our results indicate that m 
two levels of deprivation used by us produc? 
different degrees of tension in the animals. 
These results are in accord with those ° 
O'Kelly and Heyer (2), 

Space does not permit us to discuss i2 ae 
tail the all important facts of the physiologic 


nts 


= 


EFFECT OF COMBINED HUNGER AND THIRST 


elato of hunger and thirst. Hunger 
a. galer intake and thirst affects food 
foul 3 at these facts do not invalidate our 
eee 3 P is indicated by the observa- 
ik k a 23-hr. food deprivation produced 
po a efficiency, as predicted, whether it 
et companied by a 23-hr., 6-hr., or 0-hr. 
fas eprivation. Some motivation of vary- 
ae ‘ T of thirst must certainly have been 
i y the progression from a 0-hr. to a 23- 
ra ater deprivation, unless one assumes that 
oe ra of a 23-hr. food deprivation 
Tonal 3-hr. water deprivation is the physio- 
oaks equivalent of a combination with 0-hr. 
i r deprivation. The facts of drive dis- 
imination (Hull and Leeper) make such an 
assumption untenable. 
re vertheless, our results do not permit a 
ao generalization along the lines of Muen- 
fete s_theory until the problem has been 
a er investigated with drives which are not 
s closely interrelated as hunger and thirst. 


SUMMARY 


The problem of this study was to find out 
whether the effect of combining two motives 
upon learning efficiency was greater than that 
of the motives used singly. On theoretical 
grounds we predicted that the combination 
Would not produce such an effect. 

Eighty hooded rats were divided into eight 
groups. Four of these were motivated by 
either hunger or thirst with two levels of dep- 
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rivation, 6 hr. and 23 hr. Four groups were 
motivated by all possible combinations, 
namely, weak hunger and thirst, strong hunger 
and thirst, weak hunger and strong thirst, 
and strong hunger and weak thirst. 

The learning situation was a Y-shaped dis- 
crimination box. The cues were black-positive 
and white-negative in a corrective method. 

As predicted, four combinations of motives 
did not result in learning efficiencies that were 
greater than those of the better ones of the 
two motives taken alone. 

In terms of trials to criterion the combina- 
tion groups were poorer than the better one 
of the two single groups. In terms of errors 
the combination of weak hunger and thirst 
was likewise poorer than the better one of the 
single motives, while the other three com- 
bination groups were either the same or slightly 
and insignificantly better than the better ones 
of the singly motivated groups. 
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THE EFFECT OF ACTIVITY DEPRIVATION UPON EXPLORATORY BEHAVIOR 


K. C. MONTGOMERY 


Vale University 


In previous papers (e.g., 3) the author has 
advanced the hypothesis that novel stimula- 
tion arouses the exploratory drive, which leads 
to exploratory behavior. A commonly accepted 
alternative hypothesis is that exploratory be- 
havior is motivated by the “general activity 
drive,” i.e., exploratory behavior is one form 
of “general activity.” 

Several lines of evidence suggest that the 
latter hypothesis is invalid. Anderson (1) 
found no significant correlations between one 
measure of general activity and several 
measures of exploratory behavior. The results 
of several experiments by the author (3, 4, 5) 
show that the amount of exploratory behavior 
of rats decreases rapidly during a 10-min. 
period of exposure to a simple maze and that 
it increases with size of maze. It seems un- 
likely both that the general activity drive de- 
creases in strength this rapidly and that it 
is a function of maze size. The same studies 
reveal that exploratory behavior is largely 
under the control of, i.e., directed by, external 
stimulation, a finding difficult to explain in 
terms of the general activity drive alone. A 
related finding (5) is that the decrement in 
amount of exploratory behavior produced by 
exposure to one maze generalizes to other 
mazes, decreasing in magnitude as the similar- 
ity of the mazes decreases. Again, this is a fact 
difficult to account for on the basis of the 
general activity drive. 

The present experiment is designed to 
answer this question: Does activity depriva- 
tion affect the amount, the relation to time, 
or the orderliness of the exploratory behavior 
of rats in a simple maze? It provides a direct 
test of the two hypotheses stated above. One 
operation that should increase the strength 
of the general activity drive is depriving 
normally nourished animals of activity. How- 
ever, this operation should not affect the 
Strength of the exploratory drive because the 
latter is aroused by external stimulation, not 
by factors internal to the organism. If the 
exploratory behavior of a group of activity- 


deprived animals is measured after hig 
periods of deprivation and compared with ia 
of a control group not so deprived, mutually 
incompatible predictions follow from the a 
hypotheses. (1) If exploratory behavior ! 
motivated by the general activity drive, then 
as length of activity deprivation increases, 
exploratory behavior should (a) increase S 
amount during limited periods of explora Sa 
and (b) decrease in amount progressively le 7 
rapidly during successive periods of explor@ 
tion. (2) If it is motivated by the exploratory 
drive, it should be relatively unaffected a 
activity deprivation either in amount OF aa 
its relation to time. No differential pred 
about the order characteristics of explorato 
behavior follow from these hypotheses. 


METHOD 
Subjects 


, in. 
The Ss were 18 male albino rats of the Wistar ee 
They were about 100 days old and experi were 
naive. Prior to the experiment the anima ~ suring 
housed, 10 to a cage, in large living cages me* 
30 by 18 by 12 in. 


Apparatus and Procedure 


s 0 

The rats were divided at random into two re 
nine each, a control group (C) and an expe period 
group (E). Over the eight-day experimenta measu” 
each animal was housed in a small living cages Je 3 bY 
ing 10 by 6 by 5 in., containing a food receptae, at all 
3 by 3 in. All cages contained food and wate roup c 
times. For at least 22 hr. per day each rat in r type 
had free access to an activity wheel of a standar mals 
measuring 14 in. in diameter by 4 in. wide. The els. 
in group E never had access to activity whe closed 

Exploratory behavior was measured in an €” from 
symmetrical, single-unit Y maze constructe 4 iD 
unpainted white pine. Each arm was 24 in. Tones ged 
wide, and 4 in. high (inside dimensions), had 2 P p4n. 
hardware-cloth top, and was marked off ee dim 
sections. The maze was uniformly illuminated 
indirect lighting. P 

Just before being placed in its small living T 
the first time, each rat was permitted to exP 


each animal was exposed to the maze for é 
rats were always placed in the maze at th 
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point. Neither food nor water was ever present in the 
maze. 

The data consist of (a) the number of activity-wheel 
revolutions per day for each animal in group C, (b) 
the number of 12-in. maze-section traversals for each 
animal during each minute of each maze exposure, and 
(c) the sequence of maze arms entered by each animal 
on each maze exposure. 

After the maze exposure on day 8, four animals, 
matched on the basis of amount of exploratory beha- 
vior in the maze on day 8, were chosen from each 
group. These rats were kept in the small living cages 
for an additional ten days. Each animal was given free 
Access to an activity wheel for 24 hr. per day. Daily 
activity records were taken. This procedure provides 
an additional test of the general-activity-drive hypothe- 
sis. From this hypothesis it follows that the animals 
from group E, after eight days of activity deprivation, 
should show an initial high level of activity exceeding 
that of the rats from the control group, followed by a 
decrease to the control-group level. 


TABLE 1 
Summary of the Activity-Wheel Data for Group C 
Sumnar of the clin he 
PERIOD IN HOURS MEAN 
eee /_ a 
0-24 242.7 
24-72 544.6 
72-192 | 1905.2 
0-192 Í 2666.9 


RESULTS 


Activity-Wheel Data 

Table 1 presents the average number of 
activity-wheel revolutions for group Cc during 
each relevant experimental period. It is clear 
that these animals were fairly active over the 
eight-day period. Several ran one-half mile 
or more on one or more days. A day-by-day 
analysis shows a gradual increase in activity 
Over the experimental period. 

Figure 1 summarizes the activity-wheel 
data for the eight animals selected from groups 
Cand E. It is apparent that the eight days of 
activity deprivation imposed on the rats in 
group E did not result in an immediate (or 
even delayed) higher level of activity than 
that exhibited by group C, or even a higher 
level than that shown during the first eight 
days by the group C animals. The groups are 
too small for tests of significance. However, 
these data suggest that if activity deprivation 
exerts any effect, it is that of decreasing 
amount of behavior. 
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Amount of Exploratory Behavior 


The number of 12-in. maze-section traversals 
per minute was tabulated for each animal on 
each maze exposure. These data are sum- 
marized in Figure 2, which shows average 
amount of exploratory behavior as a function 
of time for each group on each day. There are 
no apparent differences between groups on 


8 


eo 
ke] 
ta] 


GROUP C (N24) *—* 
1OOF GROUP E (N24) o-re 


MEAN NUMBER OF REVOLUTIONS 


Fic. 1. Average amount of activity-wheel behavior 
as a function of days 


o Ro ons on. hue 


MEAN NUMBER OF I2-INCH SECTIONS 
b 


10 
2s: 

4776) Biel 
a PERIODS OF ONE MINUTE 


Fic. 2. Average amount of exploratory behavior 


as a function of time 


ber of 12-in. 
day. The average total num 
Octet traversals for groups (C and 
E on days 0, 1, 3, and 8, respectively, are: 
36.6, 44-1 41.9, and 45.9; and 33.4, 42.7, 37.1, 
d 45.8. ective means for all four 


d 45.8. The resp : 
“ays are 168.4 and 159.0. None of the differ- 
ences between these means approaches sig- 


i is evi i ing lengths 
ficance. It is evident that increasing 
of activity deprivation of the kind employed 
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in this experiment have no effect upon either 
the amount of exploratory behavior in a simple 
maze or its relation to time of exploration. 


Orderliness of Exploratory Behavior 


As in previous studies (e.g., 4, 5), a measure 
of the orderliness of exploratory behavior was 
obtained by (a) tabulating the number of 
times each animal entered three unlike maze 
arms in succession and the number of times 
it could have done so for each maze exposure, 
(b) summing both sets of values for each group, 
and (c) converting them into percentages. The 
results are summarized in Table 2. Inspection 
of the table reveals no differences between 
groups on any one day or on all days com- 


TABLE 2 
Per Cent Choice of Three Successive Unlike Arms 
On Each Day 
GROUP C GROUP E 
DAY 
N° % N % 
0 75 74.3 59 67.8 
1 85 69.1 93 69.4 
3 84 | 68.8 70 | 68.0 
8 102 71.8 93 I 227 
Total 346 70.9 315 | 69.7 


* N represents the total number of tria 
members. 


ds containing three unlike 
bined. The average percentage for both groups 
over all four days is 70.3, a value in close 
agreement with corresponding percentages 
found in previous studies (5, 6) in which female 
rats were used. In brief, activity deprivation 
of the kind employed in this experiment has 
no effect upon the orderliness of exploratory 
behavior in a simple maze. 

It should also be mentioned that E detected 
no qualitative differences in the maze behavior 
of the animals in the two groups. 


Correlational Data 


Although the number of animals per group 
is relatively small, several rank-order cor- 
relation coefficients were computed. The test- 
retest rho (first three days vs. last five days) 
for the activity-wheel measures taken on 
group C is .88. The test-retest rho (days 0 
and 1 vs. days 3 and 8) for amount of maze 
behavior for all 18 rats is -80. Both values are 
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significant at the .01 level (2, pp. 46-49). The 
rho for total amount of activity in the drums 
over the first three days vs. the total amount 
of maze behavior on day 3 for group C is 81. 
The corresponding rho for the last five days 
in the drum vs. maze activity on day 8 is .10. 
The former value is significant at the .01 level; 
the latter does not differ from zero. In brief, 
both the activity wheel and the maze are 
fairly reliable measuring instruments, and the 
initially high correlation between drum an 
maze activity drops to zero during the latter 
part of the experimental period. 


DISCUSSION AND CONCLUSIONS 


The results of this experiment are unequ!V 
cal. They show that moderate activity dep- 
tivation over an eight-day period (a) has 2? 
effect upon the amount of exploratory i 
havior of rats in a simple maze, upon its ie 
tion to time of exploration, or upon its ae 
characteristics, and (b) does not lead to f 
above normal amount of activity-wheel 
havior. These findings are completely neg? a 
with respect to the hypothesis that exP ae 
tory behavior is motivated by the gener 
activity drive. On the other hand, they ae 
port the author’s hypothesis that the explo" 
tory drive is a relatively independent prea 
drive aroused by novel external stimulate 

A possible criticism of the present are 
ment is that the animals in group E may ae 
been as active, or nearly so, outside of "5 
maze as those in group C. None of the auth? 
observations supports this criticism. # als 
time E entered the room in which the eee 
were kept, the animals in group E were 45 au 
lying quietly, or otherwise inactive, whe 
those in group C were generally “UP sie 
about.” It was often necessary to take : E 
cautions to insure that the rats in mee x 
would be awake and active for their maz? 
posures. Moreover, it is difficult to Se¢ arly 
the animals in group E could have bee? Twink 
as active as those in the other group- The” rely 
cages were so small that the rats could b , 
turn around comfortably; on the other “ely 
the group C animals could (and frequ“ ity 
did) run back and forth between the ae 
wheels and their cages without actually 
ing the wheels. 

The initial high correlation between 4 


tive 


mount 
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Ls ae aa and maze behavior and its 
oes arent decrease to zero merit discussion. 
eee proved to be a fairly reliable 
ae as instrument; hence the explanation 
ET sea elsewhere. It seems likely that 
dre e first two or three days the activity 
Terop Grime relatively novel stimuli to 
both, as als in group C, as did the maze. Hence, 
ee n uations evoked exploratory behavior, 
With e correlation was high and positive. 
TE ag exposures the exploratory- 
aie ing power of the activity wheels 
ths on e! : other factors began to operate, and 
be tie ation dropped to zero. The nature 
Vesti gd factors is open to empirical in- 
iene ion. However, the activity-wheel data 
ie that some kind of learning or adapta- 
fi av ceurred: there was a gradual increase 
for erage activity over the eight-day period 
tre ed C, and Figure 1 reveals a similar 
a for both subgroups. 
eh should be noted that these data corrobo- 
Sa e than contradict, Anderson’s (1) 
wheel 3 zero correlations between activity- 
eis ehavior and exploratory behavior. He 
‘pe is animals (male rats) in activity wheels 
tak ight weeks, and used only the measures 
is en during the last four weeks in computing 
Correlations. 

re major conclusions are drawn from the 
te n of this experiment. (a) Because pro- 
fin ged moderate activity deprivation exerts 
effect of any kind upon the exploratory be- 
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ree of rats ina simple maze, it is concluded 

that exploratory behavior is independent of 

the general activity drive. (b) For the same 
reason, and because of previous data (6), it 

is concluded that the exploratory drive is a 

relatively independent primary drive aroused 

by novel external stimulation. The data from 
the present study, especially those summarized 
in Figure 1, provide no support for the con- 
cept of the “general activity drive”—a modern 

version of the “excess energy theory.” A 

further and a very tentative conclusion is that 

this concept may not be useful in the analysis 
of behavior. 
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COLOR DISCRIMINATION IN THE BLUEGILL SUNFISH! 


PAUL M. HURST, JR. 
The Pennsylvania State College 


The object of this experiment is to deter- 
mine whether or not the bluegill sunfish 
(Lepomis macrochirus) can discriminate red 
from green. 

Warner (9) presents a comprehensive review 
of the controversial literature concerning 
color vision in fish up to 1931. The weight of 
the evidence he cites favors discrimination, but 
in none of the experiments cited was the in- 
tensity variable completely controlled. As 
early as 1885 Graber (4) demonstrated that 
although fish appeared to show an innate 
preference for red over blue, the preference 
could be reversed by increasing the red to 20 
times its former intensity. Hess’s experiments 
(5) show that not only is light intensity an 
important source of variability in fish behavior, 
but that the curve of physiological intensity 
plotted against wave length is similar to ts 
for humans with scotopic vision. 

For thi ve reason, the studies of Wash- 
burn (10) a.d Reighard (7) are inconclusive. 
The above Z, using learning techniques, taught 
fish to discriminate between colors whose 
intensities were, to the human we, equal. 
They then varied intensity of We<Rinforced 
color and continued to get positive results. 
Golaggith (3) used similar techniques of 
learning and intensity variation, but equated 
physical intensity by use of photographic plates 
instead of human judgment. Schiemenz (8) 
used a technique similar to Goldsmith’s with 
12 different intensities. However, in none of 
these studies was the original intensity- 
equating done by the fish, and Graber’s 
factor of 20 shows the possible existence of 
very large differences between physiological 
intensities for equal physical intensities, F ur- 
thermore, Hess (6) reported that preference 
for red over yellow or white decoy larvae could 
also be obtained for varying shades of gray, 


although von Frisch (2) failed to confirm these 
results, 


1 This experiment was c 
of the departme 
State College. 


onducted under the auspices 
nt of psychology of the Pennsylvania 


z ; nè 
The foregoing studies seem to have bee 


adequate to convince most people that col 
vision in the fish is a closed question, Or a 
an unimportant one, as there is little me 
of the subject in the literature since 19 f 
However, one study by Bull (1) deserve 
particular mention as it shows a some 
closer approach to complete control of 7 
intensity variable. The Ss (Blennius pholis L. 
were conditioned to differentiate those colors 
which were followed by electric shock from 
those which were not. Discrimination was tel 
tained with separate groups of Ss for ies 
different colors, while other Ss of this spe 
could be trained to discriminate only very W" S: 
differences in intensity between two gr o: 
However, there is still the possibility aon 
the physically equated colors were as differe, 
in physiological intensities as the aie 1 
criminated grays, great as this difference he 
and that physiological intensity Ww 
crucial cue. 

One way to show that the observe nces 
discriminations did not result from differe” i 
in physiological intensity would be to a had 
strate that the /rained Ss—those that d 
already learned the color discrimination as 
were presumably reacting to wave Jeng et 
the crucial cue—would not respond the 
entially to differences in intensity woe of 
color was held constant. This is the pUtP° 
the present experiment. 


q color 


METHOD 


u! 

In an earlier unpublished experiment by at plist 
the conditioning technique was employed ei 1 
color preference in the bluegill sunfish. A £00 of re 
lowered into the aquarium in the presence 
green light of a range of physical intensities box 
and 45 ft-c. When the red light was on, Ha it wae 
tained angleworms; when the green light was could b 
empty. It was reasoned that if a preference 


$ ri 
demonstrated—the fish entering the box in it rf gies : 


of red, refraining from entering in the presence d 3 
—the intensity factor could be rigorously C2% 2 sigh Hi 
substituting, for the red and green lights, W? re e 
of widely varying intensities. It would be pa wa 
that if the fish had learned their response? 
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lengi prin 9 they would either respond randomly 
a 5 
heed intensities of white or else would not 
m pane no conclusive results were obtained 
R ey Once the Ss had learned to respond, 
SA poe almost invariably to both red and 
Sea Š difficulty was diagnosed as a failure to 
e e discrimination; there was no penalty for a 
nse to green, the indifferent stimulus. The above 
experiment was reported because in the present in- 
quiry (a) the same individuals were used as Ss, and 


PER CENT TRANSMISSION 


oT 
20 540 560 
WAVE L. 
Fic. 1. Tra 


(b) similar apparatus was used, except 


Was arranged in such a manne! 
crimination. 
4 In the present study, four bluegill sunfish from 3 to 
in. long, which had already received 100 trials in the 
Preylous experiment, were the Ss. Differences in' size 
pa coloration permitted identification. They were 
bath in a 50-gal. glass aquarium during the course of 
be this and the previous experiment. Food boxes 
Mie top and one side open were used to present the 
ew which was pieces of angleworms- Red, green, am 
te light beams were presented by lantern slide 
cal jectors equipped with broad-band filters of operas 
fil lophane, The transmission characteristics of the 
en are mapped in Figure 1. he author recognizes 
aes inadequacy of such filters for the mapping of co! or 
is RETE However, since the purpose of this apne 
‘eit establish color vision, not to map it, an. z tec! man 
ich permits wave length to be the sole variable 


ENGTH IN ANGSTROM U 


nsmission characteristics 


that the latter 
r as to force the dis- 
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could be adequate e 
ag geve iessths Bae A gedo mae ye the 
n order to force the discriminati 

placed at each end of the S a ge i 
slide projectors rigged to spotlight the food tenes 
were connected to separate current sources, Sabor 
which had the rheostat used in the previous Le 
ment set to give beams of 1-, 15-, 30-, and Site 
intensity, varied randomly. The other always projected 
a beam of 45-ft-c intensity. The filters were aan d 
between projectors 1 and 2 (hence also between fea 


580 600 620 


NITS 
of filters used 


so that sometimes 
h as 45 times the 
and sometimes the 


the green, 


as at the right and as much n 
red. Physical intensities were 


foot-candle meter. Beginning 
with trial 14 of this experiment (learning trial 114 


for these Ss) similar white filters were placed on both 
i proximately 1 trial 


to be the ultimate 
described in connec- 


physical int 
measured with a Weston 


out of 4 (ran 
check on the in 
tion with the previous ex 

Both foo 
time, and an! 


he aquarium all the 


ticipatory responses were used as the 
criteria for choice. Thus, in a typical red and green 
trial, the room was darkened and both food boxes 

‘nated simultaneously, one with red light 
and the other with green light. Five seconds after any 
fish entered either box (any part of the fish’s body 
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entering the box being counted a response), the colored 
lights were extinguished. However, if the response was 
to the red-illuminated box, the respondent was fed a 
piece of angleworm before the lights were extinguished. 
This was accomplished by having E, who stayed in a 
specified position between the boxes, give the worm 
to the fish by hand. E did not himself move until 
the response to be tabulated had been made. In a 
typical noncolor or check trial, in which the white 
filters were employed, the lights were manipulated in 
the same manner except that it was recorded whether 
the fish responded to the more or to the less intense 
of the two stimuli. Neither was reinforced. 


TABLE 1 
Choice Responses under the Various Conditions 


| INTENSITY | 


COLOR OF | COLOR OF |OF VARIED) COLOR OR TOTAL BE 
VARIED CONSTANT COLOR INTENSITY (ALL. 
INTENSITY | INTENSITY eee CHOSEN sunyects) 

f k | Goaan, C 
Red Green 1 Red 11 
Green 3 

Red Green 15 Red 12 
Green 0 

Red Green 30 Red 12 
Green 0 

Red Green 45 Red 13 
Green 1 

Green Red 1 Red 9 
G R Green 1 
reen e 15 Red 8 
i@ Green | 1 

Green Red 30 Red 11 

| Green | 1 

Green Red 45 Red 17 

á Green 0 
White White 1 Brighi 6 

. Dim 3 
White | White 15 Bright 2 
„o . Dim 4 
White | White 30 Bright 3 

a Dim 8 
White | White 45 | Bright 1 

| Dim | 1 


| 
| 


It is to be noted that only one response, the first, 
was recorded in each trial, so that each trial was 
independent of the next with regard to intensity and 
the relative positions of the red and green. Thus, 
social factors were controlled in the four fish. By using 
the anticipatory response technique, all cues resulting 
from presence or nonpresence of the food were elimi- 
nated. If the fish responded differentially to the red 
and green, but not to the two whites, it could be 


inferred that they were responding to di i 
to y ponding to differences in 


RESULTS 


As indicated in Table 1, in a total of 101 
responses made by the four fish during red- 
green test trials, 94 were to red and 7 to green. 
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Each individual fish showed this trend, 
the highest ratio of green to red chosen by any 
one of them being 2 to 15. The lowest ratio of 
green to red chosen was 1 to 34. 

In the noncolor trials there were 12 responses 
to the more intense of the two white stimuli 
and 16 responses to the less intense, with 2 
failures to respond at all. 

By chi-square technique, results for total 
red vs. green preference were significant wel 
beyond the .001 level, while results for 1n- 
tensity preference in the noncolor trials were 
between the .50 and .30 levels of significance 


DISCUSSION 


The results on the total red vs. green © 
sponses were unequivocal—the Ss did react 
preferentially to the red, beginning apparently 
with the first trial of the experiment. In the 
author’s previous experiment considerable 
learning seems to have taken place which pE 
not manifest in performance until the desig? 
was changed. This emphasizes the need for 
forcing the discrimination in such experimen 
instead of relying on the “law of least effort. 

The check on intensity by the white Ei 
white choice failed to disprove the y 
hypothesis—i.e., that the fish were not reacting 
differentially to intensity. While such negative 
proof cannot absolutely rule out intensity ¥ 
a source of variability in this experiment, ? 
certainly does show that intensity alone ” 
insufficient to account for the huge preponder” 
ance of red over green choices, especially sinc? 
the greatest percentage of green choices t 
curred when the green was 45 times the PbY 6 
cal intensity of the red. d 

In view of the facts that the Ss did respor 
differentially to the red and green and that 
difference could not be explained on the i 
of extraneous cues, we must conclude that = 
macrochirus can discriminate differences 
wave length. 


SUMMARY 


Four specimens of L. macrochirus, the con 
mon bluegill sunfish, were conditioned 4 
receive food at a red-illuminated box ay 
no food at a green-illuminated box. Colot ne 
illumination was varied randomly from ee 
box to the other, both being illuminated sim” 
taneously so that the fish had to choose WP) 


one to enter. Intensity was varied randomly: 


er) 


COLOR DISCRIMINATION IN BLUEGILL SUNFISH 


Anticipatory responses were used as the 
criterion of choice, and only the first fish to 
respond was tabulated. Approximately one 
TA in every four (determined randomly) 
took place with two white lights of varying 
intensity substituted for the red light and the 
green light. The Ss showed a strong preference 
for red over green after having been condi- 
tioned, but the choices of greater or lesser 
white intensity, made under the same condi- 
tions as the color choices, were nearly equal. 
It was concluded that an explanation of the 
differences in responses to red and green must 
invoke the wave length as a necessary Cue. 
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ULTRASONIC HEARING IN THE 


PORPOISE, TURSIOPS TRUNCATUS* 


W. N. KELLOGG 
Oceanographic Institute, Florida State University 


Many of the mammals are known to respond 
to auditory vibrations in the ultrasonic or 
supersonic range, that is, above approxi- 
mately 20,000 cycles/sec, the upper limit of 
hearing in man. The dog, for instance, can hear 
to 35,000 cycles/sec (2) and cats to 40,000 or 
50,000 cycles/sec (2, 3), while mice and bats 
have upper frequency thresholds as high as 
95,000 and 98,000 cycles/sec, respectively 
(1, 7). The mammals of the sea seem to have 
been studied hardly at all in this respect, yet 
there is good reason to believe that at least 
some of them possess unusual acoustic abilities. 

What of the whales and porpoises, for ex- 
ample, which are known to produce many sorts 
of noises? Since even in the clearest ocean 
water the visibility for objects at a distance 
is but a small fraction of what it is in the air, 
the probabilities are that these organisms use 
some form of echo-ranging or echolocation to 
orient themselves in their environment, as 
bats do in the air (4, 10). If this were not the 
case, it is hard to imagine by what method 
they avoid colliding with the bottom or with 
submerged objects, especially when swimming 
at night, at great depths, or at a high rate of 
speed. 

If they do respond to the reflected echoes of 
their own noises, this implies in turn a sensi- 
tivity to auditory vibrations in water which 
must be very acute indeed. In some species, 
this sensitivity may well extend into the 
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ultrasonic range. Porpoises or dolphins have 
in fact, been seen to swim rapidly away from a 
vessel at the sound of a supersonic depth finder 
(5), an observation which clearly implies that 
they heard the sounds produced. 

The present article gives new and more €x- 
tensive evidence on high-frequency hearing 
in some of these cetaceans, with specific 
reference to the bottle-nose dolphin or por- 
poise Tursiops truncatus (Montagu). 


METHOD 


Obvious difficulties present themselves when be 
animals, immersed in water, are to be studied. ve 
though they are captive specimens in tanks oF a 
closures, they can hardly be thought of, or trea 
like laboratory animals. They cannot—or have on 
yet—been placed within sound-insulated oF ater 
reflecting chambers. And their movements in the waiter 
which are generally uncontrollable, constantly a 
their distance from the sound-producing appa"? ice 
As a result of these limitations, it is doubtful if es the 
threshold measurements, in the usual sense 2 the 
word, can be obtained from behavior studies ° tion 
porpoise. Intensity thresholds are out of the ques 
altogether, by any method except the measuremen 
cochlear potentials, although some approximation sm 
an upper frequency threshold can be inferred nder 
the study of behavior. The results obtained idered 
conditions such as these should perhaps be const ate 
as belonging closer to the category of “field” oF tory 
uralistic” observations than to more exact labora 
findings. 


Subjects and Testing Environment 


Thirteen bottle-nose porpoises or dolphins 
truncalus, were used in the present research. They re 
tested at three separate places, two of which we 
Florida and one in the Bahama Islands, British 
Indies, ine 

Ten of the animals were observed at the art 
Studios at Marineland, Florida, where they wer an 
together in a large circular steel tank 12 ft- oy two 
75 ft. in diameter. In the tank with them Vsgiodon) 
spotted or long-snouted dolphins (Stennella plage ‘he 
and several loggerhead turtles (Carella carel ae 
water was filtered, permitting easy visibility eurfaces 
windows in the walls of the tank below the Pp t 
for the full diameter of 75 ft. All observati 
Marineland were made through these windows 
the water line? 


ere 
in 
est 


ns 
pelow 


e 

o ORE 
3 So far as could be determined, the reaction” which 

long-snouted dolphins to the underwater soun 
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a pre ees specimens of T. truncatus were examined 
Re ner Marine Laboratory at Bimini, B. W. I., 
Histor aon of the American Museum of Natural 
Se a ere they were kept together in an outdoor 
The de ARH about 30 ft. by 50 ft. in the open water. 
Boat S of the water in the Bimini enclosure was 
Re ces at low tide and 10 ft. at high tide. The 
cil a of white coral sand, and the water was 
ion ly clear. Observers stood above the surface 
fe se or dock at the edge of the enclosure. 
tien eet was a trained specimen, 
ERA been in captivity for about two years. 
the Da ag alone in an excavated pen or pool at 
Den mes ona Sea Zoo, Daytona Beach, Florida. The 
ek aoe of a long canal about 40 ft. wide and 
Both ace cP into which brackish tidal water flowed. 
a sees o ue pin which was about 60 ft. long, 
ions ire fencing, and the bottom was soft sand, 
ae ae mud. Although fairly free from sediment, the 
Le ip clear brown color, with visibility not 
be a oe 2 ft. The dolphin could therefore not 
Eire en it was ‘submerged. Nevertheless, the 
He iad of this animal were in some ways more 
Ris nt than any of the others, since they afforded 
ible can for studying & single individual in 
ete ninfluenced by the activity of other or- 
won ages of the two females at the Bimini Laboratory 
Leos tenis to be about four years. Most of the 
al a at Marineland (including both sexes) were 
me judged by their size and weight. The age of 
a aytona specimen was unknown, although it was 
ure. Probably it was a female. 


Apparatus 


ar sound-producing gear consisted of a Hewlett- 
sine ard Model 200C oscillator, capable of transmitting 
sign hy aves of from 20 to 200,000 cycles/sec. The 
whos of the oscillator was fed through a 20-w- amplifier 
cycli se output was essentially linear to 100, 
or ER into a USRL-type 1K underwater speaker 
Neo loaned by the United States Navy on 
fe contract. The transducer was Ca tting 
Ae at least to 200,000 cycles/sec (200 ke.), 
10 ne at reduced and variable intensities beyond 
was cycles/sec (10 kc.). The system a3 a 
consequently uncalibrated for intensities. 
fre Owever, the accurate transmission of the different 
ee even though at varying intensities, WS 
Use aly checked in underwater soun tests, by the 
parát a special hydrophone and sound pick-up_ 8P- 
us, recording through an oscilloscoP® The signal 
ld first be sent 


0} . 
ete given frequency wou 
pas cathode ray tube of the oscilloscop®, by-passing 
underwater gear entirely. The same signal would 
ottle- 


We i 

A ee were the same 85 

eat lolphins, Yet, since only two © 

sidered the results reported here ha 

as applying only to the bottles? 

è Bunla S rE z 

< turtles made no responses 
acoustic stimuli. 


whatever to any 


then be projected and picked u] 

n p under 

again observed on the tube of the EIN 
comparison of the direct and underwater signals on 
the screen of the cathode ray tube showed that th 
wave form was transmitted through water witho i 
distortion for the entire frequency range up to 200 ke 


Method of Testing 
Since the porpoise is known to be wa 

objects placed near it in the water, aA 
was given in most of the tests for the animals a 
familiarize themselves with the visual appearance of 
the transducer before any sounds were projected. At 
Marineland an exact wooden replica of the transducer 
was intermittently lowered into the water during a 
period of about two weeks prior to the actual sound 
tests. At the Lerner Laboratory, although the wooden 
model was not available, the original speaker was 


allowed to remain in the porpoise enclosure for long 
periods (and overnight) when not in use. Because of 
bility of the water at Daytona 


the low degree of visi 
Beach it was not deemed necessary to employ this 


method at that place. 
In the tests themselves, the animals were stimulated 


by pure tones, in short bursts or beeps 1 to 3 sec. in 
duration, sent through the water by means of the 
transducer. The frequencies of these tones were ran- 
domly varied between 100 cycles/sec and 200,000 
cycles/sec. Clicks and other on-and-off artifacts were 
avoided by the elimination of make-and-break switches 
altogether. Each stimulus was begun and ended by @ 
volume control and so had a gradual onset and termina- 
tion. The interval between successive stimuli extended 
from 30 sec. to several minutes in length. The develop- 
ment of adaptation to repeated sound stimuli was 
discouraged and retarded by interspersing the different 
sessions with long rest periods and by limiting the 
length of each session. From two to four observers 
were constantly on hand watching the animals when- 


ever any sound tests were made. 
RESULTS 


Whether a particular stimulus was “heard” 
eacted to was at once apparent from the 
f the swimming behavior which oc- 
hese cetaceans will avoid unusual 
in water. In most instances the 
response appears to be a kind of startle or 
flight reaction. The speed and rhythm of the 
swimming movements made by the trunk and 
tail flukes abruptly increase, and an entirely 
different “gait” or rate of locomotion is im- 
mediately assumed. If swimming space per- 
mits, captive porpoises will usually (although 
not always) dash rapidly away from the source 
of the sound. Jf there is no opportunity for 
avoidance Or escape, they will suddenly swim 
faster in the original or in some different 
direction—in & kind of disturbed or “emo- 


orr 
nature 0 
curred. T 
sounds made 
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tional” response pattern. The change in 
behavior is perfectly obvious and is not at all 
difficult to see. What is taking place is clear 
even to the uninitiated. 


Tests at Marineland 


To use this basic behavior pattern as an 
indication of acoustic sensitivity, the swim- 
ming before and after each beep or burst of 
sound was directly compared. In the first series 
of tests conducted at Marineland, accelerated 
swimming responses of this sort were con- 
sistently and uniformly produced by all 
frequencies between 100 cycles/sec and 50,000 
cycles/sec. Considerable attention was given 
to the higher frequencies, and there can be 
little question about this finding. Since re- 
sponses occurred regularly to the 50-kc. 
stimulus, this figure, if taken as a threshold 
reading, should be regarded as the highest 
100 per cent point. Frequencies higher than 
this were not consistently reacted to. No at- 
tempt was made to explore the lower threshold 
for pitch, and no sounds below 100 cycles/sec 
were transmitted. 

It was noted in the first observations at 
Marineland that the speed-up in swimming was 
not easy to obtain between 100 and 400 
cycles/sec. In order to get a reaction within 
this frequency range, it was necessary to raise 
the gain or output of the apparatus by a con- 
siderable amount. When the volume was in- 
creased in this way and responses occurred, 
the nature of these reactions for frequencies 
between 100 and 400 cycles/sec was often 
more violent and disturbed than that pro- 
duced by the other frequencies. The animals 
sometimes dived out of the water, and oc- 
casionally made swerving “attacks” or 
“charges” in the direction of the transducer, 
instead of swimming away from it. A human 
evaluation of such behavior might characterize 
it as “anger” rather than “fear.” 

This result was obtained only in the circular 
tank at Marineland, and never in the later 
determinations at Bimini or at Daytona. The 
effect is to be attributed, we think, to the high 
level of background water noise existing in the 
steel tank at Marineland—a noise level which 
was itself of low frequency. The increasing of 
the energy of the stimuli sufficiently to break 
through this masking or interference may also 
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have resulted in stimulating the tactual re- 
ceptors of the animals. In such cases they 
would have “felt” the vibrations on the skin. 
At any rate this phenomenon was entirely 
absent in the quiet water at the Lerner Labora- 
tory and at Daytona Beach, and at these places 
no qualitative difference was observed in the 
nature of the responses given to any stimulus, 
no matter what its vibration rate. 


Tests at Bimini 


In the second series of tests upon the two 
young animals at the Lerner Laboratory, the 
usual flight responses occurred regularly tO 
vibrations as high as 80,000 cycles/sec (80 
ke.). The observation was again carefully 
checked and rechecked, and we are confident 
that there can be no error in this approximate 
threshold level. The figure of 80 ke. is agai! 
a 100 per cent value, not a 50 per cent or 7 
per cent threshold point. f 

The difference between the two results © 
50,000 and 80,000 cycles/sec may be due in 
part to the youthfulness of the porpoises = 
Bimini, since the upper limit of hearing, | 
known to decrease in many organisms W! : 
age. Perhaps a more satisfactory interpret? 
tion, and the one which now seems to us °° 
be the correct one, would explain the al 
crepancy in terms of the varying condition? 
under which the two sets of tests were T 
ducted. The difference is again traceable, Y 
think, to the high noise level in the steel i 
at Marineland. Sounds of pumping ware iag 
drainage, of water currents, and of splasht 
were continuous. At Bimini, on the ot 
hand, since tidal water flowed freely throug 
the wire fencing of the outdoor enclosum™ Tt, 
pumping or drainage was necessary. As a T° er: 
the noise level of the water was much ree 
Quite likely, therefore, it was the interfere h 
caused by uncontrolled water noise anc? 
produced the lower reading in the first insta 


Tests at Daytona Beach 


A final check made with the isolated doiph 
which was tested at Daytona generally ton 
firmed the earlier findings. Since the Day! ty 
animal was tame and had been in capov (ing 
long time, it spent a good deal of time flo% ter 
(without swimming) at the top of the ve 
ogling the humans on land first with one 


ds 
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| aig ae other. But as soon as the trans- 
oe ad been lowered into the water, the 
Hy sage ped eos a eow ena 
mostly at the end fa: i = i ne eneon 
PaE iieo ee rom the instrument. 
E foe ant pacity of the water, the loca- 
e animal could not always be deter- 
ee except when it came up for air. 
ATN ane of any behavior changes. 
ihe ee: ecame apparent that whenever a 
hon a ie Sg aba into the water, the posi- 
Smolin manne fiee prey and its direction 
indicated by the ace sree CMs were 
inmediate a = A e V-shaped wake which 
Sc ae ppeared upon the surface. The 
hve mae not produced by the ordinary slow 
kot mng in which the porpoise indulged when 
E responding to acoustic stimulation. It 
vas caused only when the speed of swimming 
was increased by the typical avoidance or 
startle response, which now became observable 
in this indirect manner. 
The use of this cue to the change in swim- 
ming speed permitted the corroboration of 
the _Previous findings at Marineland and 
Bimini, although to slightly different limits. 
The Daytona Beach porpoise reacted without 
fail to all frequencies up to 50,000 cycles/sec, 
and 75 per cent of the time to frequencies © 
60,000 cycles/sec, but the results were doubtful 
or negative at 70 kc. and above. Two possi- 
bilities suggest themselves as to why responses 
Were not obtained at higher levels, when they 
did occur regularly at Bimini to stimuli of 
70 and 80 ke.: (a) The soft character of the 
bottom at Daytona undoubtedly affected sound 
transmission at these threshold frequencies 
by absorbing a greater portion of the soun 
energy than at Bimini, and (b) individual 
differences between the Ss tested. J 
The order or position in which these findings 
Place the bottle-nose dolphin with regard to 
Acoustic sensitivity, in comparison with other 
Organisms, can be seen from Table 1. The first 
Column in the table gives the ranking or order 
of the organisms listed in terms of the number 
of vibrations/sec (as shown in the third 
Column) to which it has been observed to 
respond. The investigator, O" investigators, 
teporting these results are shown in the fourth 
Column, It will be noted that if the maximum 
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finding of 80,000 cycles/sec is taken, the 
porpoise is exceeded by only two other aninials 
in its responsiveness to high-frequency tones 
One of these animals (the bat) is known to 
emit or produce sounds of very high frequency 
also, which it uses for the purpose of echo- 
ranging or echolocation while in flight (7). 

This unusual ability of the bottle-nose 
dolphin to respond to high-frequency vibra- 
tions in water receives additional support in 
the structure of the auditory receptor and the 
acoustic centers of the brain and might well 
have been predicted from their anatomy. Thus 


TABLE 1 
rder of Certain Organisms According to 


Rank or O; 
Upper Frequency Threshold 
RANK ORGANISM Bilge INVESTIGATOR 
SS oe a 
1-3 | Frog 10,000 | Yerkes 
1-3 | Canary 10,000 | Brand & P. P. 
Kellogg 
1-3 | Pigeon 10,000 | Wever 
4 | Human (adult) 20,000 | Fletcher 
5 | Human (child) 23,000 Elder 
6 | Chimpanzee 26,000 | Elder 
7 | Dog 35,000 | Dworkin 
8 | White rat 40,000 | Gould & Morgan 
9 | Cricket 45,000 | Wever & Bray 
10 | Cat 50,000 Dworkin 
11 | Porpoise 80,000 | W. N. Kellogg & 
Kohler 
12 | Mouse 95,000 Dice & Bartow 
Bat 98,000 Galambos 


the ears of both whales and porpoises have a 
large earbone or bulla attached directly to the 


ossicles (8, 9): This structure, which takes the 
place of the tympanic membrane in air-dwell- 
ing mammals, is especially adapted to the 
reception of vibrations in & medium as dense 
as water. Moreover, the enlargement of the 
auditory centers in the temporal lobes in T. 
truncalus is tremendous, producing an over-all 
cerebral development which makes the hemi- 
spheres wider than they are long. Remington 

s of the bottle-nose dolphin as 


Kellogg write! l 
. “. . these porpoises have a highly 
tem for the 


entral nervous Sys 
d disposal of cochlear stimuli, 


ut in contrast to the less well 
mechanism. The optic 
d to be not more than 


reception an 
which stands 0 
developed optic 

colliculus was foun 
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one-fourth as large as the acoustic colliculus” 
(9, p. 204). 


SUMMARY 


Using special underwater sound gear, in 
part loaned by the United States Navy on 
ONR contract, 13 captive porpoises or 
dolphins, Tursiops truncatus, were tested for 
their reactions to short bursts of sound be- 
tween 100 cycles/sec and 200,000 cycles/sec. 
The responses made to such stimuli consisted 
in the main of flight or avoidance behavior 
which expressed itself as a rapid increase in 
the rate of swimming. 

1. In one group of ten animals at the Marine 
Studios at Marineland, Florida, reactions of 
this sort were uniformly obtained to all fre- 
quencies between 100 cycles/sec and 50,000 
cycles/sec. 

2. In another group of two animals at the 
Lerner Marine Laboratory at Bimini, B.W.I., 
responses occurred regularly to frequencies 
between 100 cycles/sec and 80,000 cycles/sec. 

3. In a third series of tests conducted with 
a single porpoise at the Daytona Sea Zoo in 
Daytona Beach, Florida, responses occurred 
on all trials at 50,000 cycles/sec and 75 per 
cent of the time at 60,000 cycles/sec. 

4. The variation between these three sets of 
figures is attributed to the more favorable 
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conditions (less background noise) obtaining 
at Bimini, to bottom conditions (more sound 
absorption) at Daytona Beach, and to indi- 
vidual differences among the animals tested. 
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THE F 
DIFFERENTIAL EFFECT OF A ROTARY VISUAL FIELD ON SUSCEPTIBLE 
AND NONSUSCEPTIBLES TO MOTION SICKNESS! 7 


GEORGE H. CRAMPTON? anp FRANCIS A. YOUNG 
i Siate College of Washington 


lost suai eating motor of motion 
indi g from various visual stimuli 
dicate that angular displacement of the 
visual field is the most effective stimulus. 
ü This displacement of the visual feld has 
sually been accomplished in two ways. It 
mio be an entire room which either oscillates 
eee: a horizontal axis from which the S is 
l ae in a swing (7, 9), or tips right and 
= t about a horizontal axis with a stationary 
A (8). A second method is to have S fixed and 
o rotate around him a cylinder, the inside of 
which is painted with vertical stripes (2, 3, 6). 
These conditions impart an apparent motion 
of the body, and some Ss experience nausea. 
Those stimuli which revolve about a vertical 
axis result in optokinetic nystagmus, to which 
Vogel (6) related the occurrence of nausea and 
dizziness at a critical frequency of 12 rpm. At 
i particular frequency, with his apparatus, 
e recorded the most regular nystagmus. At 
higher and lower frequencies, he found either 
Uregular or no nystagmus and none of the 
motion sickness symptoms. 
h There is some doubt as to whether 
orizontal optokinetic nystagmus is a neces- 
E, condition for the development of motion 
att ness symptoms, though, perhaps, visual 
tio ention and probably some attempt at fixa- 
n are required. Such a nystagmus was not 
Present in the situation described py Wood 
), wherein the visual field did not rotate but 
merely oscillated about a horizontal axis which 
n s lateral to S. In Witkin’s situation 5 
che eve was also not a factor. Here, rela- 
at y slow tipping movements of the room 
out a horizontal axis medial to the stationary 
brought about nausea. Interestingly enough, 
€ nausea was alleviated by the introduction 
duate school of 


a vigorous 


1 Fro ` 
th m a thesis submitted to the gra 
of ete College of Washington in partial fulfillment 
€ requirements for the Degree of Master of Science. 


Ware at Army Medical Service raduate School, 
i Washington, D- C- 


of simultaneous movement of the S and 
the room. 7 

Apparently, mere optokinetic nystagmus 
and apparent body movement are not sufficient 
to arouse nausea. Lebensohn (5) could not 
inhibit gastric activity with just the small 
surface of a kymograph drum, though ap- 
arent motion and nystagmus were present. 
Colley (3), however, utilizing a cylinder 
rotating about the whole body, found inhibi- 


tion of contractions and an atonic condition 


of the stomach by roentgenological examina- 
tion. His description of the alteration in 
gastric activity coincides with Hatcher’s (4) as 
to the sequence of events at the commence- 
ment of nausea and vomiting. It is apparent 
that an adequate visual stimulus for nausea 
requires a relatively large, moving visual area. 

In most such experiments it was customary 
to find that only a few Ss became nauseated. 
The purpose of this investigation was to 
determine if these individual differences in 
susceptibility to nausea induced by visual 
stimulation could be related to individual 
differences in susceptibility to motion sickness. 


METHOD 


Subjects 

The motion sickness questionnaire utilized and 
validate ies (1) was used as a 
basis for the men and 9 men 
were chosen for the susceptible group (scores 24 and 
below), and 5 women and 14 men for the nonsusceptible 
group (a score of 38). All Ss were students attending 


the summer session. 


Apparatus 
re with 70 in. high walls of fiber 


A room 8 ft. squa 

board anda ceiling of stretched burlap was constructed. 

The cream-colored interior was unpainted. The entire 

as centere' ing horizontal wheel, 42 
-h.p. motor. A Variac, 


-n diameter, driven by a c 
d by the General Radio 


€r Reed Army Medical Center, 
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tension of the belt which drove the base wheel. The 
angular velocity could thus be varied from zero to 24 
rpm. The S’s chair was in the exact center of the room, 
supported by a pipe which extended from the bottom 
of the chair seat down through the wheel bearing to 
the wheel base. A second pipe extended from the top 
of the chair frame up through the ceiling of the revolving 
room and was anchored to the rafters of the experi- 
mental room. The chair was completely independent 
of the rotating room and remained stationary when 
the room revolved. It was possible, however, to revolve 
the chair by hand when standing in the room. For 
illumination, a 60-w. bulb was placed on the forward 
edge of the upper framework of the chair. 


Procedure 


After being seated, the Ss were instructed to keep 
their eyes open and watch the floor, walls, and ceiling 
of the room, rather than some part of their body. If 
they felt they- were going to vomit, they were to 
instruct Æ to stop. The Ss were not told the chair would 
revolve, but after they were in the chair, it was spun 
around once to give the suggestion that they, and not 
the room, would be spinning. The program of velocities 
was to accelerate the room during 14 sec. to 24 rpm 
and maintain a period of constant velocity for 20 sec., 
and then switch off the current and allow the room 
to decelerate for 20 sec. to a velocity of 9 rpm. The 
cycle was immediately repeated and continued for 10 
min., or until S requested rotation to stop. 


RESULTS AND DISCUSSION 


The resulting symptoms were the basis for 
categorizing Ss: 

a. Nausea. Those Ss who requested the 
motion to stop before the 10-min. period was 
completed, and those Ss who by their own 
reports indicated they were just able to last 
out the full 10 min. This group was typified 
by having to rest before leaving the experi- 
mental room, and by their fear of immediate 
vomiting. 

b. Light nausea. These Ss lasted out the 
full 10 min., but upon being questioned after- 
wards reported “feelings” of nausea. They 
u N = belief that they would have 
vomited if they had been exposed f 
period of time. Pen ee 

c. Dizziness. This group reported dizzi 
after stimulation, but no alae, — 

f No nausea and no dizziness 

The results are presented in Ta 
questionable, all jud apak Joran 
servatively, that is, in the dire 
nausea. Most, though not all, j 
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Of the four Ss classified in the “nausea” 
category, three requested that rotation be 
stopped before the 10-min. period had elapsed. 
Two men lasted for 214 and 5}4 min., re- 
spectively, while one woman requested rota- 
tion to stop after 74% min. No decided sex 
differences in the occurrence of nausea were 
noted. 


TABLE 1 
Incidence of Nausea in Relation to Susceptibility 
| f i 
Group | wl Rae NAC at toes 
SEA 
COR Hint sek wf 
Susceptibles | | | | | 
Male EAESELET 
Female pawafzis n 
Both sexes ; 16 | 4 5 H 5 | 4 
Nonsusceptibles | | ! | 
Male 14 | 0 | o | 6 3 
Female | 5 0 | 0 1 4 f 
Both | 
oth sexes | | o | 0 * Ss 
TABLE 2 fon 
Incidence of Nausea in Relation to Perceived Rotatl 
PERCEIVED Ri lh Mee ours 
OTATION SEA | NAUSEA| GRO 
a St ee pas. 
Positive chair was revolving 1 14 $ 
Thought chair was revolving 4 9 E 
Thought room was revolving 2 3 2 
Positive room was revolving 2 0 5 
All groups 9 26 3 


An inspection of the results reveals veg 
clearly that individuals susceptible to TOURA 
sickness are also susceptible to nausea 1° “ 
rotary visual field, and, conversely, 2” 
Susceptibles are resistant. By grouping ti- 
data of Table 1 into four cells, using susceP d 
bles and nonsusceptibles as the first pein 
second classifications, symptom catego! s 
a and b as the third, and categories ¢ an 
the fourth, a fourfold table results. The, 
hypothesis that such a distribution of 1” 
viduals arose by chance is refuted by @ P"O e 
ability value of .012 as indicated by chi squ 
computed by the direct method. It may 
concluded that some of the individual ee 
ences found in previous studies may be re a 
to the Ss’ motion sickness susceptibility: Ss 

Informal discussion with several of the ts 
a few days afterward indicates that the effec 


null 


EFFECT OF A ROTARY VISUAL FIELD 45 
3 


of this i x 
ne a 
reported onl f e of the nonsusceptible men 
stimulation x izziness immediately following 
rom Re kerar bees: he ei the experimental 
CoiiAitinn ketei for ab ma pice This 
categorized in t ut 2 hr. The Ss were 
fcllswing erms of the reports immediately 
on thë i P a pa changes were made 
susceptible man. i y a ce in ormation. One 
gory lost hi n in the light nausea” cate- 
shan th eh ae for lunch. A susceptible 
totalin sf nausea” category, who requested 
eRe 4 stop after 244 min., vomited upon 
cone Jome and complained of aftereffects 
naiai E i : severe headache and light 
EETA e following two days. These after- 
eee, re particularly noticeable when he 
TI watching large, moving objects. 
Morry reports as to whether the room (true 
N or the chair (apparent motion) was 
Poe Seno a are of interest. Table 2 
Fell into these data in terms of those Ss who 
group) Seinen categories @ and b (nausea 
categori nd those Ss who fell into symptom 
thre Sa c and d (no-nausea group). Thirty- 
besoi p ignorant of the structural fea- 
only to a e equipment and were subjected 
chache wait A Es indirect suggestion that the 
nature ia be turning. Two Ss knew the true 
Fasc of the equipment; one (a susceptible) 
(a eset com as “light nausea,” and the other 
ee ore as “dizziness.” Both SS 
ik ae that the chair seemed to be revolving 
R of their previous knowledge to the 
“tis ry. In the breakdown in Table 2, these 
chaty s were arbitrarily placed in the “thought 
Fo was revolving” category- ; 
dan those Ss who thought that either the 
ers or the room could be revolving ani 
the se positive as to the true state of affairs, 
igh usion of rotation would shift from room 
tion e chair and back. For some, this alterna- 
ar ee occur without conscious effort. 
alferrak within this group fou : 
Soing e the illusion voluntarily by watching 
their part of their body, or momentarily closing 
inst eyes, even though they were specifically 
Tucted not to do so. 
a aL an inspection of Table 
the individuals who pe 


2 it is sugs 
ceived the ap- 


parent rotation tended to be unaffected, a d 
conversely, those who perceived the R i 
motion tended to experience nausea. The Ws 
involved in each cell are too small to PEA 
adequate analysis, and further work is needed 
to determine if such a relationship is a true one. 


SUMMARY AND CONCLUSIONS 


1. Two groups of Ss, one susceptible and the 
other not susceptible to motion sickness, 
were subjected to a rotating room situation 
in which they remained stationary. The re- 
sulting nausea symptoms were categorized on 
an arbitrary four-point scale. 

2. The results indicate that individuals 
o motion sickness are also sus- 
ary visual field 
nonsusceptibles 


susceptible t 
ceptible to nausea in a rot 
situation, and, conversely, 


are resistant. 
3. It is concluded that some of the individual 


differences in regard to nausea found in pre- 
vious studies utilizing rotary visual fields may 
be related to the motion sickness susceptibility 


of the subjects. 
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AUTONOMIC BALANCE AND TEMPERAMENT! 


RICHARD A, TERRY 


The Catholic University of America? 


Several studies of autonomic balance, 
especially those of Darling (2), Darling and 
Darrow (3), Wenger (14, 15), and Wenger 
and Ellington (16), have been offered in 
support of the concepts of vagotonia and 
sympathicotonia, which were proposed earlier 
by Eppinger and Hess (4). A problem of 
further interest is the nature of possible rela- 
tionships between autonomic balance and the 
emotional aspects of behavior which comprise 
temperament. The present study is an attempt 
to describe, by means of factor analysis, the 
order underlying a set of related measures of 
resting-level activity and of change in the 
autonomic nervous system, with a view to 
determining the structure of independent 
constitutional factors which may be associated 
with individual differences in traits of 
temperament. 

An assumption which underlies previous 
factorial studies (2, 14, 15) is that either divi- 
sion of the autonomic nervous system can 
respond as a whole, and that the conditions 
of balance and imbalance are generalized and 
widespread, so that they involve simultaneous 
changes in a large number of organs and sys- 
tems. The studies of Darling (2) and Wenger 
(14, 15), however, do not clearly support this 
assumption, since they include very few 
measures of autonomic change. More recent 
studies by Lacey and associates (8, 9, 10), on 
patterns of autonomic response, furnish strong 
evidence that the divisions of the autonomic 
system do not respond as a whole in normal 
individuals. Their results Support a concept of 
autonomic response specificity in place of the 
concept of generalized autonomic reactivity, 
Such an interpretation appears to be ade- 
quately supported by the anatomical and 
neurochemical provision for restricted and 


c 
localized responses in the parasympatheti 
nervous system. ; * ati 
It is epee in the present investi 
to increase the number of mensuren that 
autonomic change, since it would appe lance 
the most adequate test of autonomic Tse 
should involve measurements of ne A 
ously changing functions. It is expecte tional 
that traits of temperament or emo nate 
responsiveness may be more closely r! than 
to factors involving autonomic change Jev 
to factors mainly involving resting 
functions. is this! 
The hypothesis to be tested, then, me 
Between sets of scores in autonomic me an 
weighted with appropriate factor loading aa 
Sets of scores in traits of temperamen a o 
will be significant correlations. The cona e- 
generalized autonomic balance will +. func 
garded as supported if several autonomi" mon 
tions change together and load on ©? thetic 
factors, either in the direction of sympa 


i ara- 
predominance or in the direction of Pher 
sympathetic predominance. On the jnde- 


hand, if the autonomic functions vary n 
pendently and load on factors repra 
Separate organs and systems, the conc arded 
specialized autonomic balance will be reg 

as supported. 


ing 
tir 


METHOD i 
or 
By means of a health data sheet prepared fo 
study by Dr. D. W. Terry, of Georgetan™ ig 
Hospital, 100 ostensibly normal, male, w aa 5 
Students without known pathological ingol testing 
the autonomic nervous system were selected 43 yous” 
The age range of the group was from 19 ‘sooner the? 
Care was taken not to test any individual $ . 


ag! 
1 hr. after he had eaten or after he had eie fot 


strenuous exercise. Each § was allowed Maboratorys 
about 20 min. after arriving at the testini ‘ ge 
so as to permit the recovery of normal eee ime 
and heart rate before the test. The testi 
each individual was about 1 hr. 
Experimental Design sa lot ty 
io’ 
By means of the simultaneous operatio” pb, 


alos ied 
Lafayette polygraph and a Grass electroenceph record? 
measurements of autonomic response WET 
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for each indivi 

tion of anced two conditions: (2) ina situa- 
records; and (b) in : T 5 aa provide resting-level 
to pravde record andardized stress situation, So as 
E a eae rds of autonomic change. The stress 
a EENE AR E study consisted of a simple 
afi distackion ike be completed under circumstances 
Gate nose? m a steadily increasing intensity of 
during üe ait raag of music was provided 
for the STON i i to set up a control condition 
malts, CRE ation involved in the stress task 
The’ stitaulati uomi mental experience to all Ss. 
tached fo 7 on was given through an earphone at- 
selacteaites ag wire recorder. The music was 
hich fa 2 m “ne s L'Arlésienne Suite, a composition 
metic me ed as peaceful and relaxing. The arith- 
digit da consisted of a series of one- and two- 
tected Ga rs, to be added by one S and to be sub- 
the a ae an initial large number by the next S, 
ta arder 6 cng required at each step in the problem. 
Rance then’ increase motivation and thereby to en- 
ikenen e effects, each S was instructed, before 
in spite cf aw that his ability to solve the problem 
intelligenc distracting noise was a measure of his 
Retire of nstruction was given also about the 
cuitence ai instruments, so as to minimize the 0c- 
eee of autonomic changes in response to the 

As of the situation. 

7 gi cach experimental conditi 
ana et sera records of galvanic 
SE the rie blood pressure were obtained by means 
Sete: ygraph, while, simultaneously, records of 
obtained skin potential and of the heart cycle were 
ari Bay two channels of the electroencephalo- 
Doncike ime signals inserted on the records made it 
ET to coordinate the sets of data from the two 
aaa ge Each recording was made over a period 
Sie in., the first of which was taken up with the 
anena task. In addition to the measurements 
flea by these instruments, ic and diastolic 
and Pressures were determined for the two conditions; 
Rae. single measure of dermographic Jatency was 


ion, relaxation and 
c skin response 


Pict tat 
hysiological Measurements 
instruments 


a various leads from the recording 
moi attached in the following manner. Electrodes 
to ae with standard electrolyte jelly W° 
chai c palm and back of the left han for a 
Ti BEE in skin resistance; to the palm and back of the 
ght hand, for recording changes in skin potential; 
lead IL arrangement 


a 
F to the left ankle, to afford & 
Hehe onsite with the electrode on ck si è 
lood hand for the electrocardiogram- standar 
the | pressure cuff was wrapped above e elbow © 
left arm, and the bell of a stethoscope W2 fastene! 
t a point 


y elastic tape over the brachial artery 2 


below thi dk, 
Pied conductance. Log condu 
of resi ta calculated directly fro 
athena, ance on the polygraph. 
of the nd (log C-incr.) was calculated as 
and th ifference between the initial condu 
e conductance level at the point © 
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increase. Records which indicated a decrease of co 
peas gE simply as having zero aE 
ductance were indicated a steady increase of con- 
ae measured at a point 45 sec. from the 
eginning of the stimulation, in lieu of a true maxi: 

ont: À xımum 
point; and records showing several maximum points of 
conductance were scored at the point of largest increase 
within a 45-sec. interval following the start of stimula- 
tion. Conductance recovery quotient (CRQ) was 
calculated as the difference between the maximum 
conductance increment under stress and the con- 
ductance increment at a point 30 sec. later, all divided 
by the maximum conductance increment under stress, 
It will be seen that the recovery quotients which 
appear in this study are based on the suggestions of 
Freeman and Katzoff (5). 

Skin poiential. Log potential activity level (log 
E-level) was calculated from the sum of the pen 
deflections in millimeters across a 30-sec. interval 
with mid-point corresponding in time with the point 
of maximum increase of conductance as determined in 
described. The sum in millimeters 
the calibration factor of the channel 
setting of the electroencephalograph to give the ac- 
in terms of microvolts. Log potential 
change (log E-change) was obtained as the logarithm 
ce between the activity level under stress 
. Potential recovery 
quotient the difference 
between the activity level under stress and the activity 
level measured across & 30-sec. interval having its 
mid-point 30 sec. later than that of the stress interyal, 
all divided by the activity level under stress. 

Blood pressure. Resting-level systolic (SBP) and 
diastolic (DBP) blood pressures were obtained from 
the averages of auscultatory readings taken before 
and after the music stimulation. Changes in blood 

ressure due to stress BP- and DBP-change) were 
calculated as the ‘difference between the resting-level 
ressures and f the readings obtained 
immediately afte ecordings of stress 
ivity. Relative ] (RBP-level) was 
means of a cuff attached to the polygraph 


measured as 
en within a 30-sec. 


t ’ 
mE ], having its mid-point at an instant of time 
ith the point of maximum deflection 


for the two 
relative blood 
change). 
Heart period. Th T 
as the average of all the periods, 
mplex, 
of the QRS comp! £ A 
heart period 


period recovery 


alculated as the difference 
d the heart 


interval having its mid- 
stress interval, all divided 


differenc 
eriod un 


between t 
eriod measu 
point 30 sec. a! 


red across an 
fter that of the 
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by the heart period under stress. The duration of the 
T-P interval (dur. T-P) was measured as the average 
length of time from the end of the T wave to the 
beginning of the P wave of the heart cycle. The change 
in the T-P interval owing to stress (T-P-change) was 
calculated as the difference between the measurements 
for the two experimental conditions. The heart period 
variability index (HP var.) was computed as the per 
cent increase of the average of three long heart periods 
over the average of six short periods during the relaxa- 
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temperament was constructed and administered in 0) 
attempt to measure by self-ratings what Darling 4 
and Wenger (14) measured by judges’ ratne 
well as to measure self-rated aspects of the fe 
classification of melancholic, sanguine, choleric, both 
phlegmatic temperaments. It is admitted that h 
scales are concerned mainly with the social aspec 
temperament. 2 
3 a measure of psychomotor aspects of tempera 
ment, each individual was requested to tap a telegrap 


TABLE 1 
Correlations between Autonomic Variables* — 
nr a -- mi Ea 
xa | 2 [| s[ 4] s fel z[ se} | u faz fas | as | as | 16] a7 w | 19 | 20 aj 2 
—|— | | | ai | | | 
1 | | 
2| 65 | | head 
ahai ae | i 4 
4| a7] 33] -o7 | M 
s| s| 41] 90] 17 Len if 
6| a| s| s| o| 22 | | | 
7| 35) 34) 22) 33] -03] 25 j 
8| 10] -03] 17] 2! 17] 25 |~26 | i 
91 2383) 10) 34) 13) 10| 37| 235| 33 | 
10 | 22) 02} -08} 19 | —o1 |—25 |~07 |-13 | 32 | 
11 | —20 | —18 | 07 | —10] 43 |—77 |~34 |~22 |-39 10 | 
12| 03} 17] os| 00} 10 |—28 |~o7 —25| 05 | 20] 28 
1S} œj 00) 00) 22] -12 |~22 |-101 03] 04 |—37 20 |—28 
14 | —18 | -13 | -01 | 00 | ~02 |-07 | 07} 27| 07 —=05 |—10 |~07 | 10 
15 | 20| —01 | —02 | —07 | —16 |—27 | s4 |—32 [729 |-24 | 09 |—32 |—02 | 10 
16-12) 13 | -13. | 17 | 10 |-12 |-10 | 2) io 23} 00 |-22 |-28 | 11 | 06 
17 | 07) —o1| 00} 17} 221-16] 10| i5 15| 27| 07 j—o9 |~26 | 11 |~20 | sg 
yl 37) a} Seh 37] os |25 =o | 49 43] 00 |—1s |—25 | 10 |-30 | 02 | 02 |-22 
19 | -06 | —13 | —20 | o3 | ~18 |-17! 10) 45 04 |—29 |—06 |—22 |-20 | 10 | 17 | 95 | s4 —04 
20 | ~26 | —35 | —22 | ~26 | ~18 j~26 | 07 |—0o7 | 12| 00 |-os} 07 |—33 07 |—08 | 78 |—22 |~19 | 62 
21 26 | -13| 17| 15] 29) 10| 40 10 | 10) 03} 13! os |~20] 11 12 s| 22 
22| o3 =t] 02 12| 07 |—12 |~13 |-13 | 13 -13 03} 26 |-10} 34| 10 02 |—-12 es 
* Decimal points omitted. 


t The numbers refer to the following variables as d 
1, log C-level 


lescribed in the section on method; 


e 

: 5. C+ BP 9. ER 13. DBP. i HP cee 

2. log C-iner. (music) 6. C — BP 10, sar 14. aap oe 18, HPRO 

3. log C-incr. (stress) 7. log E-level 11. SBP-change 15. RBP-change 19, dur. T-P e 

4. CRQ 8. log E-change 12. DBP 16. HP 20, T-Pechant 
21. HP var. 22. Derm. lat. 


tion condition. The long periods were 
about 10 sec. apart, with a short peri 
side of a long one. 

Com posite variables, Conductance 
(C + BP) and cond 


selected at points 
od lying on either 


was measured in the 
r and Ellington (16). 


Temperament Measurements 


manner recommended by Wenge: 


ing 

key in circuit with an electrical counter- kee 

rates for 1-min. periods were obtained eae . 

after the physiological measurementsand were av ancl 

Finally, as a measure of somatotype, yates 

Perennial interest in studies of temperaments 
Rohrer index was computed. 


e 


RESULTS? 


; in thi 
Of the 100 sets of records obtained 1” 
manner just described, 85 were found 
without artifacts and were retained 


*The rea 


e 
e 


or the 


ral 
der is referred to the writer’s ea a 
dissertation, Variation in Autonomic Funch ents 
Related to Individual Differences in Tempera cholic 
May, 1953, on file in the Mullen Library, The C addi 
University of America, Washington, D. C., for 
tional tabular and statistical materials. 
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at ` among the 22 autonomic variables in 
tivity, 8 a 11 measures of resting-level ac- 
of ee Gare of change, and 3 measures 
ice ee The intercorrelations in Table 1 
Short EE E with the aid of the tetra- 
S me diagrams of Cheshire, Safir, 
ake = a (1). The average standard error 
estab] efficients, as obtained by means of 

es published by Hayes (7), is .17. Since 


a TABLE 2 
ed Factor Loadings of the Autonomic Variables* 
NO, VARIABLES FACTORS j 

eS 1]u{umr|iv d 
a ae s6) 14—01] o3! 76 
3 log C-incr. (music) 69|—02| 17/04! 51 
4 a (stress) 83| 17}—04]—12 73 
5 eo 31} 00| o0|—is) 13 
6 a. Bb 63| 28|—44|—12| 68 
7 Ae s5|—02| 60|—14) 68 
a} pee ee 46| 20| 27} 60) 68 
nl 11| 34) 17|-38| 30 
10 oe 30) 28| 04—42) 35 
11 s BP} —is| 02| 35| 14) 16 
12 decrease SBRT 10) 03} 71|—09| 52 
13 ieee —o4} os| 55|—10 31 
ia| pee change 02|—-27| 04/06, 07 
a Sar —10 19—09) 12/ 07 
ia| SBE change oi} ool 17| 68| 49 
pi ae —36| 94| 20| 021.05 
| AHR 02| 46/16 04| 24 
oI R 17) oo| 17|-46) 27 
oe SEITE —3s| ss| 20| 17| 96 
ene ~4s| 46| 09—03) 45 
HP var. is] 62|-16] 26| 50 

02| 09|—28} 08; 10 


| Demme | 0 A A 


Rik 
Focal points omitted. 

ariables have been reflected. 
een dichotomized 


all the distributions had b 
ral statement © 


oe the medians, a gene 

mad TES based on Hayes’s tables, can be 

and e: an r of .33 is significant at the (05 level, 

01 “ee r of .44 is significant at least at the 
evel. 

The table of intercorrelations WaS factored 
(is), complete centroid metho e 
were and four factors were extracted. These 
Stru totated by orthogonal rotation 

cture and appear in Table 2- 


I 
ler pretation of Factors 


Tn thed i 
vas evelopment which follows, 
ariables which have a factor loading equal to 


only those 
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at least 2.58 times the average 
of y will be considered as Sater ie 
factor. This is proposed as a measure of fe 
significance of the factor loading at the ot 
level. Therefore, only those variables with 
loadings of .44 or greater will be included. 
Factor I accounts for most of the variance 
(Table 3) in log conductance level and lo; 
conductance change measurements. It is of 
interest to see, as might have been anticipated 
that log potential activity level belongs with 
this group of variables. Both conductance 
(Féré effect) and potential activity (Tarchanoff 
effect), no doubt, are related in some fashion 
either to presecretory or to secretory activity 
of the sweat glands. There is no clean-cut 


TABLE 3 


Variables Contributing to Definition of Factor I 


VARIABLE LOADING 


= pees os 
log conductance level 

log conductance change (stress) 

log conductance change (music) 
conductance plus blood pressure 
conductance minus blood pressure 
decrease in T-P interval (stress) 

log potential activity level (music) 


| 
| 


BenReER 


dy 
NSDAUnUH 


| 


branch of the autonomic 


nervous system may be predominant in this 
response pattern. It will be recalled that 
Darling and Darrow (3) proposed conductance 


plus blood pressure (variable 5) asan indicator 
and conductance 


athetic activity, 

minus blood pressure (variable 6) as an indi- 

cator of parasympathetic activity. They fail 
i «ce both of them have 


factor. These com- 
ve some discussion 
loadings on Factor I 


indication as to which 


and to their loadings 0n ? 
20, lengthening of the T-P interval, was 
included among the set of measurements of 
autonomic activi ible indicator of 
parasympathetic function. 
T-P interval of the heart cycle i 
increased vagal (parasympathetic) tone which 


blocks the impulse as it passes over the auricle 
from the sino-auricular node. With its negative 
Joading 0n this factor, it is to be interpreted 
as “small decrease” in the T-P interval under 
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conditions of stress. This interpretation is sup- 
ported by the raw data for the variable: the 
direction of change for all but one individual 
was negative, the mean change being —.12 
sec. Since variable 20 stands alone among six 
measures involving sweat gland activity, it 
can hardly specify the factor. The factor is 
presented, then, simply as a conductance 
factor, with the added implication that both 
branches of the autonomic system may be 
involved in it. 

- Factor II (Table 4) may be regarded as a 
response pattern involving a long heart period 
and a long T-P interval, with much variability 
in the length of the periods under conditions 
of relaxation, and a notable decrease in heart 
period and T-P interval under conditions of 
stress. Cursory inspection of the structure of 


TABLE 4 
Variables Contributing to Definition of Factor II 
NO, VARIABLE LOADING 
_ 
16 heart period (music) 94 
19 duration of T-P interval (music) -88 
21 heart period variability (music) 62 
17 decrease in heart period (stress) 46 
20 decrease in T-P interval (stress) 46 


er 


this factor might lead one to suppose that 
the parasympathetic nervous system pre- 
dominates here under resting ‘conditions and 
the sympathetic nervous system predominates 
under stressful conditions. It is quite likely 
however, that the notable decrease in the 
length of the heart period and T-P interval is 
simply a function of the initial length of the 
period under relaxation: the longer the period, 
the more of an opportunity there is for shorten- 
ing. If this is the case, then the response pattern 
must be presented as a heart period factor 
without attempt to designate which branch of 
the autonomic system predominates under 
either experimental condition. 

Factor III (Table 5) can be described as an 
autonomic response pattern involving a low 


diastolic blood pressure under relaxation and 
a fall in s 


From this 
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result in low diastolic pressure. For Factor I, 
it was seen that the two composite variables 
5 and 6 could not be interpreted as diagnostic 
of the branch of the autonomic system which 
is responsible for the changes. Were it not for 
the peculiar structure of Factor I, on which 
these variables both have positive loadings, 
one would be inclined to regard the structure 0 
Factor III as support for the rationale pro- 
posed by Darling and Darrow (3): conductance 
minus blood pressure, proposed as an indicator 
of parasympathetic activity, loads positively 
here along with two other variables which 
involve parasympathetic stimulation, while 


TABLE 5 I 
Variables Contributing to Definition of Factor HI 
xo. VARIABLE zoini 
11 decr. in systolic bl. pr. (stress)* T 
6 conductance minus blood pressure "55 
12 low diastolic bl. pr. (music) * “44 
5 conductance plus blood pressure es 


* Variables have been reflected. 


TABLE 6 IV 
Variables with Significant Loadings on Factor 

T t 
SA VARIADLE lee” 
F “ Feeney’ 8 

15 | relative blood pressure change (stress) or 
7 | log potential activity level (music) “46 
18 | heart period recovery quotient _ | 


ed as 


conductance plus blood pressure, propos ads 


an indicator of sympathetic activity, 
negatively, Since this interpretation is une 
tain, however, the response pattern ca? 
described only as a blood pressure faclor: at 

The combination of variables with signiic® 
loadings on Factor IV (Table 6) admits cf ‘ak 
clear interpretation. Whatever this fact 
Tepresents, it involves a large amount ser 
sweat gland activity (Tarchanoff effect) ¥?°. 
conditions of rest, considerable increase 
relative blood pressure under stress, 47 dis- 
recovery of normal heart period after tify 
turbance. No attempt will be made to iden 
it more specifically. 


Factor Scores 


Since weighted standard scores in the 
of autonomic response were to be assign® re 
each individual in the group, loadings oe 
selected from the rotated factors in Table E e- 
multiplied by normalized T scores in the com 


é factor 


AUTONOMIC BALANCE AND TEMPERAMENT 


She See pene The following equations 
rodüct e by linear combinations of the 
a e ‘actor I (conductance) = .86(T1) 
ies a + .83(Ls) + 46(T3) — 48(220); 
+: 8ST (heart period) = .94(Tis) + -46(T17) 
alee 19) + -46(T20) + -62(Tn); Factor IIT 
55(T pet = .60(Ts) + .71(Tu) + 
the cs , where the numerical coefficient is 
on un eae factor loading, T is the nor- 
i a standard score, the subscript refers 
ae i and the algebraic sign is that 
a re loading. Scores in the unidentified 
will b are not included in this report. It 
ka e noticed that the factor loadings in 
Frae equations are, according to the criteria 
lei cae ae significant at the .01 
hat ariables 5, conductance plus blood 
ei da and 6, conductance minus blood 
ace a were excluded from the equation for 
‘ler r I, since they could not reasonably be 
mole in the structure of that factor. In 
a ice I, however, variable 6 was retained 
ee this factor somewhat comparable to 
ote s (2) factor of “cholinergic activity,” 
cin variable 5 was eliminated because it 
a ars that it is simply a negative way of 
pressing variable 6. 


Res 
ponse Patlerns and Temperament 


Sees standard scores in traits of tem- 
ae were correlated with sets of weighted 
nomi ard scores in the three factors of auto- 
linea ESSROUSES The tetrachoric computing 
1) ih of Cheshire, Saffir, and Thurstone 
are ite re used. Among 87 r’s computed, only 4 
pe Sepa at about the .05 le vel. These 
duct s follows: —.34 between Factor I (con- 
G oad and the Guilford-Zimmerman trait 
(es eneral activity); .35 between Factor Il 
T period) and the Guilford-Zimmerman 
(blood (friendliness); .38 between Factor m 
and 4 pressure) and self-rated “sensitivity” ; 
“phle ? between the latter factor and self-rated 
. ieee a temperament.” Since four cor 
might ns significant at the .05 level are what 
this 1 be expected by chance alone in a ta le 
to en’ no great certainty may be attached 
Moth an They simply do not support the 
esis under investigation in this study- 


I DISCUSSION 
ie view of the literature on the units of 
Corr T Ra of PGR, the signi cant and high 
lations, .65 and .85, between 105 con- 
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ductance level and the two measuremi 
i foes change present some a 
pretation. It is generally held that 
measurements of change should be independent 
of basal level, and Lacey and Siegel (11) 
present strong evidence to show that onl 
conductance and log conductance satisfy ‘hie 
requirement. The present study does not bear 
this out. It is suggested that the high correla- 
tions may be dependent on some unknown 
bias in the recording system employed in 
this study. 

As a by-product of this investigation, it had 
been expected that the high relationship be- 
tween the Féré effect (conductance) and the 
Tarchanoff effect (potential activity), reported 
in the literature as summarizi M 
(12), might be con 
1 reveals only a mod 
level of significance. 

On the basis of Darling and Darrow’s 
theorizing (3), it had been supposed that the 
two composite variables—S, conductance plus 
blood pressure, and 6, conductance minus 
blood pressure—might serve as reference vari- 
ables for separating out the autonomic: com- 
ponents of the factors. A study by Darling 
(2) has been tentatively interpreted as support- 
ing these formulations. However, it should be 
remarked that Darling deviated considerably 
from the proposed rationale when he con- 
structed the blood pressure portions of the 
the sums of standard scores of 


ic pressures, instead 
ly the change in systolic 

in which the 
the 


, In this instance, 


original 
ded in re- 


support to thi 
factor analysis 
solving these vat! 
it has distributed 
I (conductance) an 
pressure). , 

supporti 


Far from í 
generalized autonomic 


jables int 
the variance bet 
Factor MI (blood 
ng the assumption of 
palance and imbalance, 
as separated out the 
ic response into 


and systems. 
with the findings of Lacey cia 
8, 9, 10) on autonomic response specificity, 


and offer rather strong support 


of specialized autonomic balance. Factor I is 
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composed of measures involving mainly sweat 
gland activity; Factor II is composed entirely 
of heart period variables; and Factor III is 
composed of measures involving mainly blood 
pressure responses. 

The relationships reported here between 
patterns of autonomic response and traits of 
temperament are so uncertain as to require 
little discussion. The correlations between 
autonomic activity and self-rated traits bear no 
similarity to the findings of Darling (2) and of 
Wenger (14). Nor can the correlations be 
compared with the results of a study in which 
Wenger (15) used the Guilford-Martin scales. 
The latter study, unfortunately, cannot be 
interpreted, because of the nature of the cor- 
relation matrix submitted to factor analysis. 
On the basis of the present study, then, one 
must conclude that there are no clearly demon- 
strable relationships between measures of 
traits of temperament and sets of scores in 
autonomic reactivity. 


SUMMARY 


The present study was designed to test the 
hypothesis that between sets of scores in 
autonomic function weighted with appropri- 
ate factor loadings and scores in traits of 
temperament there would be significant rela- 
tionships. Measurements of autonomic re- 
sponse, involving both resting-level variables 
and change variables, were obtained from a 
group of 85 ostensibly normal, white, male 
college students under two conditions: (a) 
under relaxation while listening to music, and 
(b) under stress from an arithmetic task to be 
completed during distraction from noise. A 
22-variable table of intercorrelations of au- 
tonomic functions was factored by the complete 
centroid method of factor analysis, and three 
factors described after orthogonal rotation: I, 
conductance; IT, heart period; and III, blood 
Pressure. The factorial structure offers strong 
Support to the concept of specialized autonomic 
balance in place of the concept of generalized 
autonomic balance. Only four co 
Coefficients significant at the .05 le 
found between scores in factors and 
traits of temperament as measured 


rrelation 
vel were 
scores in 
by self- 


rating scales and the Guilford-Zimmerman 
Temperament Survey. 
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FFECT OF BRAIN DAMAGE ON INTELLIGENCE IN RATS! 
H. C. LANSDELL 


McGill Un 


A 
api ee and apaci develop- 
E iate te used in this study to 
physiological o problems bearing upon the 
be a basis of intelligence. According 
ge lae seems (a) that any part of 
Eisai, ex is as good as another in its 
this ‘itg on to problem solving, while in man 
a poren ea is not found if one 
fies oe effects on the IQ of frontal lobe 
() that ini parietal or temporal injury; and 
caste rile ti to the infant rat’s cortex has 
ae e tert on adult problem solving than 
Denis righ while in man, infant injury ap- 
Sects x have widespread and generalized 
2 n the IQ and adult brain injury often 
apes to have little or none. 

A Sieg found that the rat’s capacity to form 
bes aps habits was reduced in propor- 
ne he amount of cortical tissue remove 

was independent of the locus of the tissue. 


aa relationship, the basis of the principle of 
ass action, was clearest on the more dificult 
(9, 10). The 


w of mazes or latch-boxes 

a lec human brain damage has, on the 
6 =| failed to substantiate the principle (2, 
ati , 12, 17). However, the type of test situ- 
is ST usually used in studying rat intelligence 
div ifficult learning task which has none of the 
hu crsity of the various subtests used in the 
Pea Situation. Hebb and Williams (4) have 
es gested that rat intelligence could be as- 
r sed better with a “closed-field” test m which 
ats are presented with a variety of standard 
as in each test item the rat is required 
rem. solve quickly a simple problem and 
aber the solution for a few trials. A priori 
test is more similar to the Binet tyES o 


test ii 
est than a maze in which the rat may take 
erion. 


So í 
me hundred trials to reach a crit 
adult maze 


1 . 
Pior a study was conducted under 
neis O. Hebb in partial fulfillment © 3 
é s for the doctoral degree at McGi 
E was supported in part by grant 
2 once Research Board. 5 
Tor Now at Defence Research Medical Laboratories, 

onto, 
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versity? 


efficiency resulting from hemidecorticati 

infant rats (15), whereas nee a 
children show a declining IQ (14) anda cee 
ized intellectual impairment (2). The type of 
cage in which laboratory rats are usually 
reared has none of the diversity of the situ- 
ations in which human intelligence develops. 
When normal rats are reared as pets, or reared 
in a large, complex box in a laboratory, they 
perform better in the closed-field test at 
maturity (3, 5). Unimpaired cerebral efficiency 
may be of considerable importance for such 
“free-environment” rats in developing their 


adult intelligence. 
The present study, therefore, re-examined 
the effects of brain damage on rat intelligence, 
and the difference between infant and adult 
injury, with the new closed-field test and with 
rats reared in a complex environment con- 


sidered to be more nearly analogous to the 
human situation. 


METHOD 


Subjects 
Of an original po] of 116 male hooded rats, 
28 died as a result of operations. The results from 18 
basis of necropsy study 


cases were discarded on the f 
ive damage to subcortical structures, or 


showing operative 
lesions too extensive in other respects (e.g, Some large 
anterior lesions extended into the posterior half of the 


brain and so could not be treate 
study is based on the records of 7 


and 57 operates. 


pulation 


Procedure 
The general plan of the exp 


upon three diff 
at infancy and al 
growth and the rec 


eriment was to operate 
erent areas of cortex, in one group of rats 
nother group at maturity. During 
covery period for the adult operates, 
o an environment which 
f rat “intelligence.” 
e handled frequently through- 
owth. From the twenty-third day of age 
-hundred and nineteenth day the rats were 
ironment. This exposure was 
eek, thereafter almost 
12 hr. per day excep imately ten days at 

ing on the adult rats. During this 
in their cages. Total exposure 
ment was approximately 


out their gr 


period all rats 


time to the complex environ 
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660 hr. Seven staggered groups with different dates of 
birth were used so as not to crowd the rearing and 
testing program. 

The complex environment consisted of two wooden 
boxes, each 42 by 48 in. and 8 in. high, connected by a 
passageway. The top of the boxes was made of }4-in. 
wire mesh. The boxes contained food and water, and a 
variety of wire and wooden structures: low alleyways, 
mazelike sections, enclosures, etc. 

Testing. When they were 119 days old, the rats were 
placed in colony cages and fed only twice a day in the 
testing program. The test method was that described 
by Rabinovitch and Rosvold (13) except that 24 test 
items rather than the new 12 were used. In this test, 
the rat is first accustomed to being handled and oriented 
with respect to a starting box and goal box in an en- 
closed field. After preliminary training, the test prob- 
lems, in which the rat must by-pass simple barriers to 
get to the food, are presented. Preliminary training is 
completed when the rat reaches the criterion of nine 
runs in 60 sec. of running time, measured from the time 
of placing the rat in the starting box to the time of 
taking a bite at the food. All the rats met the criterion 
in five days. 

Two problems were given each day, one in the 
morning, the other in the evening. Errors were re- 
corded whenever a rat deviated from the direct path 
into designated zones of the field. The rats were given 
ten runs on each test problem. 

Surgical and histological. Operations were performed 
under deep ether anesthesia with antiseptic technique. 
The cortical tissue was removed by suction through 
fine glass tubing. Infant lesions were made at 18 to 20 
days of age and adult lesions at 74 to 76 days. The loci 
of the lesions are classified as bilateral posterior, 
bilateral anterior, and unilateral. 

After testing, the operated animals were brought to 
necropsy. The brains were removed, fixed, sectioned 
(at 40 micra), and stained with thionin. At least every 
eighth section was mounted for the bilateral lesions; for 
most unilateral lesions, every tenth. 

Reconstructions of the cortical lesions were made on 
the conventional Lashley rat brain diagrams. However, 
the usual procedure was modified in an attempt to cope 
with the tendency of brain tissue, after early operations 
especially, to shift into the area of operation and so 
cause an underestimation of the extent of damage. 

A set of cross-sectional diagrams corresponding to 
Lashley’s levels 2 to 17 were drawn and reverse blue- 
print copies obtained. The linear extents of Pyriform 
cortex and of neocortex in normal sections appeared to 
have a reasonably constant relationship for any given 
level. Therefore, the appropriate magnification for the 
Projection microscope was judged mainly by matching 
the extent of pyriform cortex of a particular section 
with that of the standard diagram. The diagram was 
then marked to indicate the amount of cortical tissue 
remaining on each side of the lesion. Thus, the picture 
3 the lesion was enlarged by an amount equal to any 
enn a aed by filling in the gap through shifting 
E ani . eonia marking of the diagrams 

in the unilateral lesion grow , where the 


normal side offered a check of 
the nor 
neocortex. mal amount of 
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The extent of damage indicated on the cross 
tional diagrams was transferred with proportiona 
dividers to the Lashley diagrams. The area of the 
lesions was measured with a planimeter and expresse 
in terms of percentage of the total area of the nena Fa 

The amount of degeneration in the lateral genicula 
nuclei in both the unilateral and bilateral-posteriof 
lesion groups was also determined. The condition © 
these nuclei is a more reliable measure of the extent S 
visual field defect than locus of cortical destruction, ae 
visual factors appear to have considerable importan! 5 
for performance in the closed-field test. Diagrams © 
maximal cross section of the nucleus were preni 
according to Lashley (11), and the locus and amount 
degeneration were marked upon them. ine 

The extent of degeneration was easier to determi P 
in the unilateral lesion group, as the opposite a 
offered a normal nucleus for immediate compari 
Accordingly, the partly degenerated nuclei of ee 
whole unilateral lesion group were arranged in ae 
of amount of cell loss. These 20 cases were then u 
as a 20-point scale for assessing destruction © a 
nuclei of the bilateral lesion cases. The scale cov? 
almost the whole range of possible degeneration 9 
dorsal part of the nucleus. 


RESULTS 


The results for the operated rats are oe 
sidered under four main types of lest 
anterior, unilateral, early posterior, and 
posterior. d 

Anterior lesions did not extend back beyon i 
Lashley’s level 9, and posterior lesions did ae 
extend forward beyond level 844. The “rll 
lateral lesions ranged over almost the ni- 
length of the brain. All the posterior and he 
lateral lesions, and none of the anterior lesio 
involved the striate area. Table 1 show® nt 
means and standard deviations of the amo" 
of cortical destruction in terms of perce” a 
of the total area of the neocortex, for One 
group of animals.’ Unilateral lesions a5 è ek 
were much larger than the bilateral-Postt an 
lesions, and bilateral-posterior large hese 
bilateral-anterior lesions. In each O arge 
groups, also, early lesions tended to Þe i 
than late lesions. the 

The means and standard deviations tr t 


yal 
è To save printing costs, four pages of standard of 
brain diagrams showing locus of lesion, pen each 
neocortex destroyed, and number of err oe Aa rican 
operated animal have been deposited with the o 4110 
Documentation Institute. Order Document © rupli 
from ADI Auxiliary Publications Project, Pho?” 25, 
cation Service, Library of Congress, Washing e g1.2 
D. C.,remitting $1.25 for 35 mm. microfilm 9” je to 
for6 by 8 in. photocopies. Make checks pay agre” 
Chief, Photoduplication Service, Library of 
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BRAIN DAMAGE AND INTELLIGENCE IN RATS 


erro’ 
eae = tabulated for the various 
Sees as e 1. The mean test score of the 
cantly Bp ae group does not differ signifi- 
hin a the normal test score. The test 
eee e unilateral lesion group are signifi- 
Ss ihe se than normal. Scores for the rats 
sah z unilateral lesions are not signifi- 
nA ee from those with late lesions. 
ike te ane: the posterior lesions showed 
ata _effect of operation. Within this 
an animals with lesions made in infancy 
om e better test scores. 
. see gene of interest in these results is 
dence ae effect of anterior lesions on test 
: ese lesions were smaller than the 


Aa TABLE 1 
elation between Size of Lesion and Error Score 
for Various Groups 


+ for Various Groups 

A CORRELA- 

% CORTEX ERROR Tion (r) 

GROUP DESTROYED SCORE or 

N ERRORS 

SS a eH WITH 

LESION 

Mean} SD | Mean SD | sue 

Anteri a mona ee EE era 

eine er <9 | 15.3 | 4-8 | 19-2 | 44-6 —.19 

Total a 10 | 9.0 | 4.4| 176-5 | 27-4 “06 

Tersa A ias | sia] 184:9 | 37-6] -05 

Posterior te. 11, | 19.6 | 8-6 | 342-0 | 66-8 49 

T cactetocr 7 | 15.0 | 10.9 | 410-0 [169-2 83 

Witte |e og | 9.8 | 3684 [122-3] -3 

Unilateral any 12 | 35.8 | 7.9 | 285-4 | 531 33 

Total u a a | 26.4 | 11.0 | 287-1 | 6-3 7 

ra 1) 95 et | 10.3 | 286-4 | 57-9] -9 
ies S 13 194.0 | 42.6 


am Ei or posterior lesions, put their size 
clu Siow koe age for the lack of effect. By ex- 
grou g the six largest lesions 1 the posterior 
tanei a group of 12 posterior lesions is ob- 
destr witha mean size of 12.3 pet cent cortical 
the otis compared with 12.5 per cent for 
ee anterior group of 19 animals. But the 
rior te error score for the 12 animals with poste- 
AR p 335, compared with 185 for the 
digpite. group. This large difference occurre 
sony the fact that the volumi 

the ¢ yed is greater for the anterior group in 
iene oc the determination of size of 
front, in terms of area, aN much of the 
striate cortex is thicker tha 
rom _ ie . Excluding the late- 
Varia onsideration because of h 
nce in their test scores, 2P 


eterogencity of 
lysis of covarl- 
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ance confirmed that the difference i 
formance bet i Bae 

r ween anterior and earl 
terior lesion teens 
R Eor was not a result of the 

ce in lesion size (F rati ; 
than .001). E A 
` Table 2 shows the means and standard 
eviations of the amount of degeneration in 
the lateral geniculate nuclei. Analysis of 
covariance indicated that the effect of damag- 
ing the striate cortex, in terms of the geniculate 
degeneration, was similar in both the posterior 
and unilateral groups. Less efficient perform- 
ance appeared to depend on the extent to 
which a lesion encroached upon the posterior 
cortex, regardless of whether the damage was 


unilateral or bilateral. 
TABLE 2 


en Degeneration in Lateral Geniculate 


Relation betwe 
and Error Score 


DEGENERATION CORRELA- 

RATING TION (r) 
or 

GROUP N ERRORS 

WITH 

Mean | SD | erarion 

RATINGS 

ai i wee 
Unilateral early | 12 11.4) 5.3 29 
Unilateral late 8 9.1} 6.1 62 
Total unilateral 20 | 10.5 5.8 | .44 
Posterior early 11 | 28.0 9.3} .70 

Posterior late 7 | 18.1 9.4} 8T: 
Total posterior 18 | 24.2 10.5 | -50 


The data do not allow an analysis of the 
effect of damage to the posterior brain apart 
from striate damage, since lesion size and 
Jateral-genicu! ion correlated in 


late degenerati 
the present study. The rho’s for the unilateral 
and posterior lesion group! 


s were «79 and .66, 
respectively- 


pISCUSSION 
w type of rat ‘intelligence 
“the rats in a complex en- 


have been obtained which 


By using ne 
test” and rearing 


vironment, results j i h 
i t from those obtained in previous 


f cortical function, and which are 


rat studies © i 
-nilar to the human brain-damage 


more sim ar 
data. 
The la 
anterior 
result of the loc 
The test was 


ck of deterioration of test scores in the 
lesion group was shown to be the 
us and not the size of the lesion. 
designed, after the fashion of 
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Emotional Conditioning and Extinction 


The conditioned emotional response (CER) was 
established in Skinner boxes in accordance with our 
standard procedure (10, 11). In brief, all animals a 
were trained in lever pressing until they slows a 
stable output of lever responses for an aperiodic oe 
reward. Then, during Skinner-box runs, all a 
received two emotional conditioning trials, aa Ha 
sisting of a 3-min. presentation of the CS (a clicking 
noise) terminated contiguously with two nomoa 
electric shocks to the feet as the UCS (apprommiate y 
1.5 ma.), delivered through the grill floor o! Ai e Lis 
paratus. These conditioning trials were spaced a day 
apart, with an adaptation run in the Skinner box, 
without presentation of cs or UCS, on the intervening 
day to minimize generalized fear reactions to the 


ratus. a 
prais animals not showing at least an 80 per cent 


reduction in lever-pressing output during the 3-min. 
CS (as compared with the output during the 3 min. 
preceding the introduction of the CS) on the second 
conditioning tria! received a third CER conditioning 
trial on the following day. This method was employed 
to avoid conditioning too strong a CER in those animals 
which acquired the response rapidly. The results for the 
two- and three-trial animals will be combined in the 
present discussion because careful analysis revealed no 
material or significant differences in either their sub- 
sequent performance or response to the experimental 
treatment. 

The animals had daily 12-min. runs in the apparatus, 
A record was kept of the total number of lever responses 
made by the end of the third, sixth, ninth, and twelfth 
minute of each run by each animal. On conditioning 
days, the CS was introduced at the end of the third 
minute and terminated with presentation of the UCS 
at the end of the sixth. Here the CER appears as a 
reduction or cessation in lever pressing during presen- 
tation of the CS. The inflection ratio (see 11) describes 
the magnitude of the CER. Briefly, this ratio expresses 
the difference in output between the second and first 
3-min. segments of the curve—the effect of presenta- 
tion of the CS upon rate of lever pressing—as a pro- 
portion of the output during the first 3-min. segment. 
If the CS produces no change in output, the ratio is 
0.00; if the animal has a strong CER and. makes no 
lever responses during the CS, the ratio is —1.00; if a 
strong CER with a ratio of —1.00 or —.90 is atten- 


uated, the ratio shifts in the positive direction toward 
0.00; and so on. 


All animals were on 
schedule during conditio 
free access to food in th 
access to water as well 


5 water-deprivation 
ming and extinction, with 
e home cages. All had free 
during the treatment period. 
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Experimental Treatment with CS: and Ether 


After the last emotional conditioning trial, the 
animals were divided into groups matched fof 
magnitude of the CER on the last conditioning tria 
and with an equal distribution of two-trial animals to 
all groups. 

Group I received 13 CS; inhalations, each to the 
point where a generalized convulsion occurred, 1 on the 
first day and 2 on each of the next 6 days. About 2 hr. 
after each convulsion, these animals were given ether 
anesthesia to the point where the corneal réflex er 
peared. Treatment started on the fourth day after t 
last conditioning trial (Y = 11, 6 survived). t 

Group II received 13 CS: convulsions as above, bu 
no ether anesthesia (V = 11, 8 survived). è 

Group III received 13 CS: inhalations a apoi 
while under ether anesthesia so that convulsions di 
not occur (VY = 11,8 survived). 

Group IV served as an untreated control gR 
which received equivalent handling only (placed 
inhalation jars, etc.) (N = 23, all survived). int 

Group V received 14 ether inhalations to the poi 
of anesthesia (loss of corneal reflex), but no t of 
following the schedule employed in the treatmen 
the animals in group II (X = 11, all survived). 2 

The CS; treatments, when given more than once 
day, were separated by intervals of 6 to 8 hr. CS: ch 
administered as follows: About 5 min. prior to eal 
Session, a cotton pad well soaked with CS: was placi- 
in a covered desiccating jar to permit adequate al 
fusion of vapor throughout the jar. Then each a idu- 
receiving an inhalation was placed in the jar indiv ‘or 
ally to remain there with the soaked pad cither en- 
344 min. or for 30 sec. after the beginning of thee Tf 
eralized clonic convulsion, whichever came frs “the 
respiration failed during the inhalation period, 
animal was removed, given artificial respiration ere 
nose tube, and then returned to the jar to remain por- 
until he received the standard exposure to CS: va t 
In most cases, the unanesthetized animals Cr. 
CS: developed convulsions well before the 3 en- 
time limit. All but four showed at least a light 20g 
eralized convulsion during each treatment; these ani 
died on the day they failed to show a convulsion, 
they did not contribute to the results. f ntical 

The procedure for ether anesthesia was ee a 
with that described in an earlier paper (12). oe jn 2 
cotton pad well soaked with ether was place? en 
desiccating jar and the vapor allowed to diffuse. sally 
each animal to be anesthetized was placed indivi e 
in the covered jar until it lost the corneal renei ent 
anesthetized animals receiving no further m hose 
were removed immediately to the home Born con" 
animals receiving ether prior to CS» to block t35 the 
vulsions (group III) were removed immediately 
CS, jar, where they remained for 314 min. Ne 
TMI animal ever showed any convulsive activity: ( 

A fresh supply of Carbon Disulphide Mer 
agent) and Ether Squibb (for anesthesia) WS é 
for each treatment session. All treatments woe as 
ducted in the brisk draft of a large exhaust fa 
Precaution against toxic effects upon the Es. dure for 

The ether anesthesia was included as a proced¥ 
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ane groups to allow us to determine whether the con- 
ea = vapor, anesthesia, or some combination of 
tea Tre uced the attenuation in the CER. Groups I 
Sa ad equal exposure both to CS; and ether, but 
niy group I had convulsions. Similarly, groups Il and 
ie and given an inhalation procedure 
A 2 or ether) which might have been mildly 
oe disturbing, but only group II had con- 
the efe 3 roup IV, of course, provided the control for 
ingj ctsof handling and confinement in the desiccat- 
Jars upon the CER. 
one IV is disproportionately large because the 
eae mer oe performed in two stages, each having its 
Adee a untreated animals to control for any in- 
might h uctuations in temperature and humidity 
control ave on the CER. The data for the two sets of 
cantly: as did not differ materially or signifi- 
an ey are combined to permit each experimen- 
tae to Na compared with a common control group. 
Sage ot ich received ether only, was in the first 
oie ne experiment and received 14 treatments. 
and recei oar a groups were in the second stage 
made it Me | only 13. The unexpectedly high mortality 
Point pia nhie to terminate the treatments at this 
enough Ba rary to the original plans, in order to save 
in the ee for the retention tests. Because nothing 
Rude ihe ts indicated that the extra ether treatment 
ormance animals in group V influenced their per- 
imental ste, their comparability with the other experi- 
only nen oups In any significant way, no new ether- 
group, with 13 rather than 14 treatments, was run. 


RESULTS 


a CS inhalations successfully produced 
Wolfe oi just as reported by Griffiths and 
Jar aa ). The CS» vapor in the desiccating 
Ey not appear to be more irritating than 
animal Pon though it did seem to disturb the 
typicall more than air alone. The animals 
e an moved about and actively explored 
Svea ee for avenues of escape, but 
Pain, > “gns of violent activity or intense 
dea convulsion tended to follow a charac- 
e AA SS with considerable variation 1n 

1 to 3 vc and duration of each phase. After 
shallow he of inhalation, the animals showed 
reathing and some ataxia. Next, 
a few scattered clonic twitches of the 
€s, many animals developed op!s- 
onic gen Which merged into a brief quasi- 
Convulsign immobility. A generalized clonic 
bilit n then emerged from the tonic 1M- 
tere 4 or developed directly out of the scat- 
egrees onic twitches, persisting in varying 
fame Te Several minutes after the animal 
*PPeareq of the jar. Typically, treated animals 
Somewhat ataxic and “confused” for 


following 
extremiti 
Otonus 
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5 to 10 min. after the generalized clonic con- 
vulsion. 

In general, the convulsions appeared to be 
considerably less severe than those produced 
by electroconvulsive shock. The tonic phase 
always was brief, often hardly noticeable, 
while the clonic contractions usually resembled 
those produced by insulin hypoglycemia. 
Respiratory failure produced a substantial 
portion of the deaths. With one exception, 
the other casualties were found dead in their 
cages some time after what had appeared to be 
entirely satisfactory convulsions. The exception 
died when a uniquely severe clonic contraction 


eo Sp, Etner--Convutsions, Growp 1 (N16) 
e-——-@ CS, only--Comnsions, Group (Neb) 
aa €5;, Ethor--No Convulsions, Group OT (N+8) 
te= = 4 Control, Group TE (Ne23) 


me — = Ether only, Grovp T (Nen) CA 


o 
> 
2 


Maon Inflection Rotio 


+30 


-1 


Trichi — 


e effect of CS: convulsions on the CER 


Fic. 1. Th 


is head against the heavy cover of the 
ee jar Ta presumably fractured his 
skull, as indicated by the sudden and profuse 
rhinorrhea he showed immediately afterwards. 
As with electroconvulsive shock, though not 


necessarily for the same reason, anaa me 
jected to the convulsions typically tended to 
become somewhat irritable. Animals surviving 
the CS, treatments, either convulsions or 1m- 
halations only, appeared healthy and well 
groomed at the time of the posttreatment 
tests. 


Figure 1 presents the main findings in terms 
of the mean inflection ratio for each group for 
the first and last emotional conditioning trials 
and the retention tests (extinction trials) Tı, 
T, and so on. The sharp negative shift in the 
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ratios between the first and last conditioning 
trials reflects the development of the CER asa 
function of conditioning. The positive shift in 
the mean ratios for groups I and II from the 
last conditioning trial to T; reflects directly the 
attenuation in the CER produced by the CS, 
convulsions. In contrast, those groups which 
had some form of treatment but no convulsions 
(groups III and V) showed essentially un- 
changed or slightly stronger CER’s on T, 
as indicated by the small negative shifts in the 
mean ratios over the same period. The differ- 
ence between groups I and II combined and 
the control group (IV) in the number of indi- 
vidual animals showing such positive shifts is 
significant (x? = 5.01, p < .05),? whereas this 
difference between groups III and V combined 
and the control group is not (x? < 1,00 
p > .10). Animals that had CS, convulsions 
showed evidence of attenuation in the CER 
SS haan ete the attenuation was 
ess dramatic and clear- 
ie ear-cut than ECS usually 
Groups I and II combined 
more fe extinction of the 
control group; groups III and i i 
not differ from the controls in eae 
mean inflection ratios for groups I and 1 
returned to the normal preconditioning level 
by the fourth extinction trial; the PET ii 
groups’ ratios returned to this level much in : 
if at all during the ten extinction trials To 
provide distributions for Statistical tests e h 
animal’s average inflection ratio fi ils T 
a a 1 ra or trials T, 
ough l4 was taken to indicate the rate at 
which the CER decreased in Strength in tha 
animal asa function of experimen z 


tal extincti 
The average of these means for each eon 
gave the rate of extinction for that seth. 


With performance scored in thi 
I and II combined showed significanthe en 
rapid extinction than the control does 
(v = 3.57, p < .01), whereas groups III aay 
combined did not (v < 1.00, P > 10) The 
statistic v was employed, in preference to ¢ 
to reduce the biasing effect of unequal N’s and 
the somewhat heterogeneous variances (8, 16) 
C iroup IH, which had CS under ether ates 
thesia to block the convulsions, showed no 
attenuation in the CER after treatment. The 
differences between group II and the un- 


ra 
Chi-square values are corrected for discontinuity, 


similarly showed 
CER than did the 
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treated control group (IV) in rate of extinction 
of the CER and in changes in amplitude of the 
response from the last conditioning trial to Ti 
were small and not significant. In fact, groups 
II, IV, and V (which received ether only) 
showed no material or significant differences 
in the strength of the CER after treatment. 
Nor did ether anesthesia, added to the effects 
of the CS, convulsions in group I, produce any 
greater attenuation in the CER than CS: 
convulsions alone produced; groups I and 1 
showed only small and nonsignificant differ- 
ences after treatment. These negative findings 
on the effects of CS, vapor and ether anesthesia 
are interesting because of the inhibitory 
influence both substances are supposed to hay 
upon cerebral metabolism (4, 9, 15, 18). ee 
not impossible, however, that either or bot 
might turn out to have a very small effect on 
the CER, if a more sensitive test could bP 
devised. 

The data clearly indicate, however, that me 
convulsions themselves have far the moré 
important effect. This comes out very clearly 
again in the comparisons between groups ae 
II, both of which had CS: and ether. Group -> 
which had convulsions, showed significantly 
greater reduction in the amplitude of the e 
from the last conditioning trial to Tı (0 = Be : 
~ < .05) and significantly more rapid a 
tinction (v = 2.30, p < .05). As with ECS, th 
convulsion rather than the convulsant stimulus 


plays the critical role in the attenuation of t 
CER. 


CONCLUSIONS 


1. CS: convulsions attenuated the CER, i 
measured either by decreased amplitude 0 . 
Tesponse or decreased resistance to extinction 
after treatment. This effect of CS: convulsions; 
though similar in direction to that produce 

y ECS, was much less marked and drama 

2. As with ECS, the attenuation did "° 
appear if intercurrent ether anesthesia PT 
vented the convulsions, Animals receiving 
both CS» convulsions and ether anesthesia, hs 
different times during the day, showed sign!” 
cant attenuation, however. The convulsion” 
rather than the convulsive stimulus as SUC” 
appear to be critical in reducing the strengt 
of the CER, 


It. 
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E! 
PICTURE PERCEPTION IN A HOME-RAISED CHIMPANZE 


KEITH J. HAYES anp CATHERINE HAYES 
Yerkes Laboratories of Primate Biology, Orange Park, Florida 


ince the chimpanzee’s acquisition of 
aan intelligence is seriously hampered by 
its limited ability to understand SE 
language (2, p. 201), we have been intereste 
in the extent to which other, nonlanguage 
modes of communication may serve partially 
to offset this deficiency. We have shown that 
imitation can provide one such alternative 
channel (3). The present investigation is con- 
cerned with the chimpanzee’s understanding 
of pictorial representations—another com- 
munications medium of considerable impor- 
tance in human culture. 

We have found only two references to the 
chimpanzee’s picture perception in the litera- 

ture. Köhler (5, p. 337) reports that his Ss 
showed interest in photographs of chimpanzees, 
and that two of them, trained to choose a 
picture of bananas in a discrimination experi- 
ment, transferred readily to a new and different 
picture of bananas. The Kelloggs (4, p. 296) 
report that at the age of 15 months Gua could 
point out drawings of a dog and a shoe, on 
command. Pictorial stimuli were used ex- 
tensively in the studies of monkey intelligence 
at the University of Liége; they have been 
reviewed quite critically by Lashley (6). 

The S in the present investigation is Viki, a 
chimpanzee whose first five years have been 
spent in the authors’ home. Her background of 
experience is much like that of a human child, 
with the usual Opportunities to see a great 
variety of pictures. A detailed description of 
her first three years has been published else- 
where (2). We have never attempted to train 
her in picture perception; the experiments 

Teported here were intended simply to fest 
whatever ability she might have acquired 
Spontaneously, It is possib 


le, however, that her 
Performance may have improved slightly 
during the course of the investigation, owing to 
experience incidental to testing. 


1 This investigation was assisted by grants from 
the Penrose Fund of T ei 


4 he American Philosophical 
Society and from the Samuel S, Fels Fund. s 


OBSERVATIONAL DATA 


At about 18 months, Viki began to spend an 
increasing amount of.time looking at H this 
magazines, catalogs, and newspapers, an ivity 
has continued to be a common play eer 
until the present time. At first, she ene 
pages and looked at the pictures but se sive 
responded differentially to them. Distinc A 
reactions soon began to appear, however, 
illustrated by the following examples. aie 
When she was 26 months old, she ae 
page of colored pictures of bizarrely costu! a 
dolls, which she slapped vigorously whene ay 
she encountered it. She did not react this bed 
to the colored pictures of people on 0 
Pages. r 
At three years, she leaned down and pt 
ear to a picture of a wrist watch in a wee 
(2, p. 201). She repeated this several ably 
When told to “listen.” (She had presun 
not mistaken it for a real watch, since to 
normal reaction would then have be 
attempt to pick it up and hold it to her ue 
Her apparent supposition that the pie age 
might tick is not surprising in view of he 
and her experience with sound movies.) f four 
On several occasions, since the age Q erage 
years, she has pointed to pictures in fee the 
advertisements, said “cup,” and led one o: be 
Es to the kitchen for a drink. She once pees 
a picture of a candy bar in an aave ate 
made “food barks,” and led E to the 
hold supply of the same kind of candy. k the 
At four and one-half years, she ree Es, 
Magazine she was looking at to one of Teapel 
tapped a picture of a highball, and said of the 
but then refused a drink. (This is one © i of 
few instances we have observed in ` sake, 
apparent communication for its ow? 
rather than with a practical purpose.) 


PRELIMINARY EXPERIMENTS 


d 
n 
Between two and one-half and tree is 
one-half years, Viki’s picture percenta ne 
tested sporadically by means of the ma jliar 
technique, with which she was already fam 
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ie 126). She was required to choose that one 
t two familiar objects which was shown ina 
| hela up as a model. Her performance 
a me variable, but she chose correctly on 
th pe cent of 92 trials. Since the object shown 
TOEN pra was often identical to one of the 
siota jects, matching on the basis of color 
At hea have accounted for her success. 
ability ree and one-half years, we tested her 
ity to imitate actions illustrated in pictures. 
Beo Pereg black and white pictures showing 
(3 ene, of the “imitation set series” 
6 oa 32) being performed by several different 
Benin y by Viki herself. (Sample items are 
tongue o patting head, and protruding 
a a Si used motion pictures first, then 
Bie a a then photographic prints, and 
fateh ve iy line drawings. She performed 
ferred e rie: the first session on, and trans- 
iv o ily through the various stages from 
ies o line drawings. She accepted the 
Werk, wit as a game at first, and would often 
Src hout being rewarded for correct re- 
Sn (She occasionally “ran herself on the 
lee iment by plugging in the movie pro- 
i r and turning it on, or by getting the 
oo and spreading them out on the floor.) 
at Procedure was ill adapted to quantitative 
Biron we could not define chance per- 
ae ance, since the chance probability of her 
or g a given item depended on her preference 
a and on its familiarity—both of these 
to gn being quite variable. She seldom failed 
a ae preferred actions (those which she 
X h performs spontaneously, in play), but 
bref often made errors by performing such 
a actions in response to pictures of 
i Preferred items. This type of error some- 
mes occurs when the demonstration is given 
Ate Teal person and does not necessarily indi- 
Poor picture perception. 


c 
ENERALIZED DISCRIMINATION EXPERIMENT 


Lh investigated Viki’s picture perception 
Years extensively when she was about five 
edur old, using a modified discrimination pro- 
Stud, ‘i She had recently served as an Sina 
ad». of discrimination learning set (1) and 
achieved a high level of second-trial 


“cu H . . . . . 
Probles © per cent) in object discrimination 
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Method 


The generalized discrimination procedure differed 
from customary discrimination procedure in that a new 
pair of pictures was used for each trial. The same two 
classes of objects (e.g., chairs and automobiles) were 
illustrated in all trials of a given problem, but each 
trial involved new pictures of different members of 
these classes. A problem involving 12 pictures of auto- 
mobiles, for instance, would include a mixture of sizes, 
body styles, and angles (as well as colors, when colored 
pictures were being used). These pictures could then be 
consistently discriminated from 12 similarly varied 
pictures of chairs only by recognition of the class of 
objects illustrated. (We found it necessary to avoid 
certain classes of objects because the pictures available 
tended to be too uniform in color and form; refrigera- 
tors, for instance, are almost invariably white and 
rectangular.) 

This procedure may be thought of as requiring the 
S to utilize conceptual ability in addition to picture 
perception. For the present purpose, we attempted 
to minimize the conceptual demands by making the 
concepts narrow (e.g. “dog,” rather than “animal”), 
and by requiring discrimination between markedly 
different concepts (e.g, “dog” vs. “flower,” rather 
than “dog” vs. “cat”). 

The pictures used always illustrated things which 
were familiar to Viki. Some of them were cut from 
newspapers, and catalogs, some were 
photographic prints, and some were specially prepared 
line drawings. The pictures were mounted on white 
cards—usually 5 by 8 in. in size, occasionally smaller. 
The toss of a coin determined which class of pictures 
would be correct in each problem. 

On each trial one of the two food wells ina wooden 
tray was baited with a food reward, and each well was 


covered with a picture. This was done behind an opaque 
and Viki was 


screen. The screen was then removed, 
allowed to displace one of the pictures. In case of an 
error, she was required to wait a few seconds before 
correcting. When she chose correctly, and had taken 
the reward, she was permitted to displace the remaining 
picture, if she wished, but she very seldom did so. 

The number of trials per problem varied, but aver- 
aged about 12. One problem was presented at each daily 
session. There were 28 problems, in four successive 
groups. Group A consisted of 7 problems in which all 
pictures were realistic and in natural color. Group B 
consisted of 6 problems utilizing an assortment of pic- 

photographs to highly stylized 


tures ranging from color 

black and white drawings. Group C was intended to 
evaluate the importance of color. It consisted of 7 
problems, each of which contained approximately equal 


numbers of pairs of colored pictures and black and 
white pictures, all realistic in form and shading. Group 
D consisted of 8 problems in which all pictures were 
line drawings made with black ink on white paper. 
Many of them were freehand copies of realistic pictures 
used in earlier groups. Some of these drawings are 
shown in Figure 1. 

Table 1 lists the classes of objects illustrated by the 
pictures in each individual problem. 


magazines, 
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Results 


Since the first trial of each problem served 
only for training, and gave no indication of 


17% 
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Each of these percentages is sigg 
different from 50 per cent at better ET hal 
.0001 level of confidence. Scores for in ee ae 
problems are not given, since eer 
be based on too few trials to be reliable. 
There was no appreciable cn 3 
performance to improve from poe a 
problem within any group, nor from ral). 
trial within problems (beyond the first pari 
In group C, there were 37 trials u ps, 
black and white pictures, of which 68 ean 
were correct, and 39 trials utilizing weer: 
Pictures, of which 95 per cent were CO re 
The difference between these percentag 
significant at the .005 level of confidence. 


for 


NT 
GENERALIZED MATCHING EXPERIME 
Method 


alized 
Immediately after completion of the Be neralize 
discrimination work, our S was tested on RT object, 
è matching. The sample, or model, was a Aa on 
Fic. 1. Some of the line drawings used in the gen- and a choice was required between two pi lass as the 
eralized discrimination and matching experiments of which illustrated an object of the same cls 
TABLE 1 
The Four Groups of Generalized Discrimination Problems eee E 
GROUP A (REALISTIC COLORED PICTURES) GROUP C (REALISTIC PICTURES) PE 
$ iea a fl oe 
D ee ee a ee tee 
1 drinking vessel woman’s face 1 watch | chair lighter 
2 automobile shoe 2 spectacles | cigarette 58 
3 cigarette lighter bird 3 automobile dog 
4 man food can 4 child food 
5 child flower 5 drinking vessel man 
6 hand face 6 food can flower 
7 food automobile 7 shoe | pomit ae 
eae ee Ses Wie es 
79 trials, 85% correct 76 trials, 82% correct a 
GROUP B (ASSORTED TYPES OF PICTURES) GROUP D (BLACK AND WHITE anes seat 
ree ec s5 = 
| + - $ nme a 
_ es cere — 4 . 
1 dog chair 1 dog automobile 
2 cat house 2 shoe chair 
3 woman automobile 3 drinking vessel child 
4 telephone watch 4 face hand 
5 face shoe 5 cat house 
6 airplane dog 6 telephone airplane 
7 dog shoe 
I 8 automobile chair 
61 trials, 75% correct 101 trials, 73% correct en se 
ability, results are Presented in terms of the 


Temaining trials. Table 1 


shows the percentage 
of correct responses in ea 


ch group of problems. 


f size Wi 
s js 0 jec! 
sample. Successful matching on the basis bje 


z K s x ` e ed 
impossible, since picture size was pare fees 
size. Color matching was ruled out in Meee sami 
pictures, either by using two pictures © 


PICTURE PERCEPTION IN THE CHIMPANZEE 


pmt color, or by using a sample object which 
Sadd ee a from its illustration. Form matching 
changin ve been very difficult, at best, because of the 
Sack = ee ger of the sample object. The incor- 
been lai always showed an object which could have 
tree, To a sample; never, for instance, a house or a 
pict y objects were sometimes used as samples for 
Ther of real dogs or automobiles. 
of EA ce no “problems,” in the sense of a series 
jew samp trials. Each trial was independent, with a 
inga ah c object and a new pair of pictures illustrat- 
in four hee of classes of objects. There were 97 trials, 
session, ssive groups, with 10 to 14 trials per 
tee E consisted of 37 trials using realistic color 
the para of which had previously been used in 
tions: fae experiment in different combina- 
before ee that S actually looked at the sample 
la bead ie choice, we handed the sample object 
fortunatel, et her examine it for a few seconds. Un- 
iettpernt she sometimes ran off to play with it, 
cedure itd abandoning the experiment, so this pro- 
Tn s not used in later groups.) 
reuse Saat F, 13 picture pairs from group E were 
group, th Pp polarity and new samples. In this 
which was a attention was attracted to the sample, 
allowed t $ en concealed, and a period of 10 sec. was 
allowed o elapse before the screen was raised and S was 
G to displace a picture. 
the ths G consisted of 25 pairs of line drawings of 
tieit] shown in Figure 1. (A few of the drawings 
periment used in group D of the discrimination ex- 
this and ae included, in new combinations.) In 
mained i the following group, the sample object re- 
CETE a during the response. : 
Btoup E I consisted of 22 pairs of line drawings from 
Previous! arranged in new pairs, each consisting, of two 
usly correct or two previously incorrect pictures. 


Results 


oe rcentages of correct responses for each 
Stone he group E, 95 per cent correct; 
fet » 85 per cent correct; group G, 80 per 
correct; group H, 91 per cent correct. 
mag values each differ from chance at better 

n the .005 level of significance. 


DISCRIMINATION OF PICTURES 
AND NONSENSE DESIGNS 


a scrimination problems are ordinarily 
ee-di more quickly when the stimuli are 
signs mensional objects than when they are 
€ref on flat surfaces. One might predict, 

ore, that picture discrimination would be 
oe the stimuli represent three-di- 
eter objects; or that it would be difficult 
Surfa e the stimuli are, physically, designs on 

Ces. To clarify this point, we compare 


le 
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Viki’s performance on discrimination of 
pictures and nonsense designs. s 


Method 


The S was trained to a criterion of five successive 
correct choices on each of 25 discrimination problems 
using a single pair of stimuli throughout each problem, 
In problems 1, 3, 5,... 25, the stimuli were realistic, 
colored pictures. In problems 2, 4, 6,... 24, the stimuli 
were simple nonsense designs, drawn with crayons on 
white cards. In either case, the two stimuli in a given 
problem differed in form, size, and color. The pictures 
also differed in the familiar objects which they repre- 
sented; but the nonsense designs did not clearly repre- 
sent any objects. The pictures, being realistic, each 
contained several colors, but each design was drawn 
with a single color. P 


Results 

Performance may conveniently be scored in 
terms of mean errors per problem, not counting 
first-trial errors. These values (with standard 
errors) are: .8 Æ .3 for pictures, and 2.7 + .5 
for nonsense designs. The difference is signifi- 
cant at the .002 level of confidence. 


DISCUSSION 


It would have been surprising, in a sense, if 
Viki had proved completely lacking in picture 
comprehension. Pictorial items appear in 
human intelligence tests as early as 18 months, 
suggesting that this should not be considered a 
particularly difficult skill. Nevertheless, Viki 
made many mistakes, and it would be interest- 
ing to know what caused them. 

If we pool the data for realistic, colored 
pictures from discrimination groups A and C 
and matching groups E and F, we find that 
errors occurred on 11 per cent of these 168 
trials, which would be expected if 22 per cent 
of the responses were pure guesses. This may 
be interpreted as indicating that Viki could 
not identify the objects illustrated in 22 per 
cent of these trials; however, we have been 
unable to find any characteristic of the missed 
pictures which would appear to make them 
more difficult than the others. An alternative 
interpretation would be that the errors were 
due largely to careless responses—which is 
consistent with our observation that Viki often 
chose very quickly, after only a brief glance 
at the pictures. It should be noted that our 
procedures, which utilize a new pair of stimuli 
on each trial, are more demanding of precise 
perception than are the customary discrimina- 
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tion and matching procedures, which require 
only the recognition of familiar stimuli. The 
significant difference between colored and 
black and white pictures in group C of the 
discrimination experiment does not distinguish 
between these interpretations, since colored 
pictures may be thought of as having more 
realism, or more attention value, or both. 

In the generalized discrimination experi- 
ment, we attempted to eliminate consistent 
form cues from the pictures; however, if our 
efforts are assumed to have been inadequate, 
our results may be ascribed to generalized form 
discrimination, which could have occurred 
even if the pictures were not functi 
representations of real objects. In the 
ized matching experiment, however, i 
be necessary for the § at least to 
relationship between the form of th 
dimensional sample and that of th 
sponding two-dimensional picture 
perhaps the least that can be meant 
Perception.” The comparison of 


oning as 
general- 
t would 
see the 
e three- 
e corre- 
—which is 
by “picture 
picture dis- 
discrimina- 
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Our results indicate that pictorial represen- 
tation is a usable channel for communication 
from man to chimpanzee. It does not follow, 
of course, that this medium can be used by 
chimpanzees to transmit information to men 
or to other chimpanzees. (At five years of age, 
Viki’s “drawings” contain nothing which we 
have been able to recognize as representations.) 


SUMMARY 


The picture perception of a home-raised 
chimpanzee is evaluated in terms of imitation, 
discrimination, and matching experiments, 26 
well as observational data. The results indicate 
that the S recognizes a large proportion © 
what she sees in pictures, even at the level s 
abstraction of black and white line drawings- 
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PERCEPTUAL DIFFERENTIATION AS A FUNCTION OF NONDIFFERENTIAL 
REWARD AND PUNISHMENT 


M. E. BITTERMAN, CLAUDE B. ELAM, anb EDWARD C. WORTZ 
Universily of Texas 


In a recent study Bitterman, Calvin, and 
Elam (1) investigated the effect of nondiffer- 
ential reward at two points on an afferent 
dimension upon the rate at which a discrimina- 
ton between those points was subsequently 
learned. Three groups of rats were trained in a 
two-window jumping apparatus. In the first 
Teee of the experiment, during which all re- 
Ponss were reinforced, one group jumped 
© each of a pair of identical mid-gray cards, a 
Second to horizontal and vertical stripes pre- 
Sented in simultaneous configurations (hori- 
zontal-vertical and vertical-horizontal), and a 

ird to the horizontal and vertical stripes in 
Successive configurations _(horizontal-hori- 
zontal and vertical-vertical). In the second 
Stage of the experiment all animals were trained 
on a horizontal-vertical discrimination, half of 
each group on the simultaneous problem and 
half on the successive problem. Contrary to 
expectations based on the concept of a nega- 
tively accelerated growth of habit strength as 
rarinction of reinforcement (2, 3, 4), the per- 

mance of the animals pretrained on gray 
Cards was not superior to that of the other two 
8toups. The data suggested instead that a 
Considerable amount of perceptual differenti- 
ation may develop in the course of nondiffer- 
€ntial reinforcement. 

Che experiment to be reported here was 
designed to compare the effects of nondiffer- 
ential reward and punishment. Since it was 
Considered probable that nondifferential 
Punishment introduced in the course of an 
€xperiment like the first would constitute a 
no-solution problem and produce obscuring 
motional reactions, a new method was devised. 

Ondifferential reward and punishment on 

orizontal and vertical stripes were given in 
c context of a problem to the solution of 
ie the horizontal-vertical difference was 
3 Clevant. In the previous experiment per- 
~Ptual development in the course of non- 
. erential reinforcement was configurational 
lime stacters positive transfer was largely 
ed to the groups which were pretrained on 


stripes presented in the same configurations 
used in the test problem (i.e., simultaneous- 
simultaneous and successive-successive). Since 
the pretraining and testing configurations 
differed in the present experiment, there was 
some doubt as to whether positive transfer 
would be found; but the possibility was con- 
sidered that the introduction of a problematic 
context would significantly facilitate perceptual 
differentiation. Nevertheless, the main purpose 
of the experiment was to inquire into the 
effects of nondifferential punishment. 


METHOD 


Subjects 

Forty naive albino rats, bred in the laboratory from 
Wistar stock, were studied. The animals were between 
three and four months old at the beginning of the 


experiment. 


Apparatus 

A conventional two-window jumping apparatus of 
the kind devised by Lashley was employed for the 
experiment. Behind the windows was a feeding plat- 
form, and below them was a cloth net into which the 
animals fell after incorrect responses. The entire ap- 
paratus was mid-gray in color. Four stimulus cards 
were used, one black, one white, and two black-and- 
white striped cards (stripe width = 14 in.) of which 
one was horizontally and the other vertically striped. 


Preliminary Training 

All animals were maintained on a 24-hr. feeding 
schedule throughout the experiment. After being fed 
on the feeding platform for several days, they were 
taught to jump gradually increasing distances (up toa 
maximum of 9 in.) through the open windows. Each 
jump was rewarded with a nibble of wet mash. 


Experimental Design 

The design of the experiment, which was divided 
into three stages, is illustrated in Table 1. In the first 
stage of the experiment, all animals learned a simul- 
taneous black-white discrimination, half the animals 
being trained on white-positive and the other half on 
black-positive. Training was by the correction method. 
Each trial consisted of a series of jumps terminating in 
a correct response. The animal was allowed a maximum 
of three free jumps to a given pairing of the stimuli, 
and after three successive errors it was guided in the 
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EFFECTS OF PRETRIAL IMMERSION ON MAZE PERFORMANCE OF RATS: 
I. A ONE-CHOICE MAZE! P 


MARIANO D. OBIAS anb CALVIN P. STONE 
Stanford University 


A major concern in animal psychology is the 
efficiency of motivating factors as measured 
by the animals’ accomplishments on problems 
given them by the investigator. While there is 
no approved method of assessing “wastage” 
a motivation in general, there is no lack of 
agreement with the simple assertion that 
ra of an animal’s effort in problem solving 
Semis under laboratory conditions. The 
att is roughly analogous to that of com- 
bustle gases and carbon that “go up in 
at f i from a coal-burning engine operating 
jets draft but converting into useful kinetic 
5 rgy only a small fraction of the potential 

nergy of the coal it consumes. 

epe Lentiy, in laboratory „settings, low 
tri clency of motivation is associated with pre- 

ial conditions that arouse hyperactivity, as 
when animals are enraged or emotionally 
aroused by severe threat of punishment; also, 
bis conditions that curtail activity or vari- 
ar. of attempts, as in the timid, cowed, or 
ati used S. Contrariwise, high efficiency often 
TeS those efforts that are characterized by 
of mness, variation of attempts, relevant use 
uae habits, desistance of unproductive 
accid and unification of responses which by 
es a or insight led to mastery of the prob- 
asses hus, within limits, an E can crudely 
Toor the efficiency of motivation by the 
o ma of the animal, dagite Hie 
entails. > circular reasoning this procedure 
ini years many reports have been 
“strong” in which what ahe to k 
relativel motivation proved actually to be 
ye, a low efficiency, as measured by 

he plishments in problem solving (4, 6, 7). 

ad are exemplified by the maze study of 
equine and Stone (5) on rats which were 
Boal S to swim underwater from start to 
agitat he necessity of holding its breath 

ed the rat and increased fruitless strug- 


im: 
Fung Study was supported by the Scottish Rite 
City, = Dementia Praecox Research, New York 
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gling. Learning rate was significantly poorer 
than that of the controls swimming leisurely 
on the surface and without any threat of 
anoxia. 

To discover additional conditions in which 
the efficiency of motivation is relatively low, 
and also ways of improving its efficiency, a 
series of maze studies is in progress in which 
total immersion is imposed on rats just before 
each trial proper begins. The pretrial immersion 
is of sufficient duration to arouse panic-like 
hyperactivity but, at the same time, is without 
danger of drowning the animal. This method 
enables one to contrast the efficiency of a 
panic-arousing experience at the start of a 
trial with that afforded by the usual, immediate 
release of rats on the surface or with only 
momentary “dunking” to start them on their 
way. 

METHOD 
Apparatus 

In the first of the immersion studies to be reported 
a one-unit water maze was used; its pattern and dimen- 
sions are shown in Figure 1a. All parts of the maze are 
constructed of galvanized sheet metal. It was placed 
in a small tank where the depth of water was main- 
tained at approximately 8 in. The starting cage is shown 
in Figure 1b. It is made of hardware cloth but has a 
solid door to close the exit and also to prevent re- 


entering the starting well. It serves as point of de- 
parture for both groups but also serves as immersion 


cage for the experimental group. 


Subjects 

Fifty male albino rats approximately four months 
old and roughly matched in control and experimental 
groups began the experiment. One S of the experimental 
group died. ‘All were tame but without previous training 
on instruments. Their average weight was 226 gm. 
Since we relied upon “escape from water” as the 
primary motivating device, no change in the dietary 
program was required. Eleven pairs (experimentals and 
controls) had only 25 trials.2 Fourteen controls and 13 


2 The first phase of this study involved only 11 im- 
mersed and 11 control rats. The formal training of the 
groups was terminated after 25 trials, but further work 
was done with a few rats which had made no progress 
in choosing the correct turn. The results from these 
prompted the second phase of the study in which 14 
pairs of rats were started. 
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imentals had a total of 100 trials. For both groups 
the left am was correct for trials 1 to 25. The groups 
receiving 100 trials had the same turn for the next 
25 trials (26 to 50). For trials 51 to 75 their goal-ramp 
was shifted to the right side, and for trials 76 to 100, 
back again to the left position. The object of the shifts 
was to compare the immersed and the controls in respect 
to readiness (plasticity) to alter the directions of their 
turns when prompted by a change of the goal position. 


Procedure 


Preliminary training. To acquaint the animals with 
swimming, some practice in a 10-ft. straightaway was 
provided. Those destined for immersion were sub- 
merged in the starting cage for 30 sec. before release. 
The controls were released immediately as the starting 
cage was allowed to settle down in the water. At most 
they had no more than 1 or 2 sec. of total immersion. 


1a 


Fic. 1a. The single-unit U-ty, 
and for immersion of the detai 


he water's surface 


although nothing pre ng and Progressing 


beneath the surface, 

In groups of four or five, turn, was 
given five trials per day for a total of fiye days, From 
5 to 10 min. elapsed between trials, when the animals 
were kept in a warm container (c. 75°F.) 

Maze training. On the sixth day maze trainin: 
began. Groups of four or five rats sw 
in the preliminary trials for a total o 
The experimental animals were im 
before being released in the start: 
them surfaced immediately after t 
was lifted. The control rats were 
mentarily as the Starting cage set 

ey usually left at once, as di 
Soup, but sometimes Paused, “ 
before departing. 


vented their divi 


€ach rat, in its 


ti 8 proper 
am in rotation as 
f five trials daily, 
mersed for 30 sec, 
ing cage. Most of 
he door of this cage 
“dunked” only mo- 
tled into the water, 
id the experimental] 
straddling” the alley 
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RESULTS 


Some qualitative remarks concerning i 
responses of the animals are eppum m 
though none of the responses seemed wort ra 
quantification at the time of the experime 
On the first preliminary trial most of the co i 
trol and immersed rats alike made vigorou 
efforts to escape by force from the Star ng 
cage as it sank into the water. When the a 
was raised, some were so preoccupied ak 
where, or confused, that they failed to re 
Properly to the opening. On subsequent iie 
however, appropriate orientation soon 0 Í 
curred in the controls, but some of the mn 
mersed rats continued to exert great effort 4 


S 
e wate: ; Fig. P F , th group 
iss = ee Fig. 1b. Starting cage serving as portal of exit for bo 


of 
the wrong places for a long time. Severa ie 
them soon began to crouch, motionless, oF atic 
first 10 to 15 sec., and then to gery ush- 
efforts to escape by clawing, biting, an F tion 
ing during the remainder of the ae the 
Period. These responses were prevalent im 
immersed group. Some of the latter § 
Portion of the straightaway underwater- 
Surface swimming did not carry OVE!” alley 
maze, however, probably because the f the 
wall was directly in front of the door ° 
starting well, feei 
“Straddling” in the alley was goo aD 
quently by a few animals of both A from 
While Straddling they turned the hea 


‘ 


fi 
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PRETRIAL IMMERSION AND MAZE PERFORMANCE 


side to side or looked backward before moving 
on. No characteristic difference in rate of 
mastery was noted between those Ss in which 
straddling was frequent as compared with 
those in which it was rare. Quite probably this 
1s a simple defensive act which enables the 
animal to pause without sinking low in the 
water, 


Error Dala 


Error graphs depicting differences in trends 
between controls (N = 25) and immersed ani- 
mals (V = 24) for trials 1 to 25 are plotted in 
Figure 2a. Retracing errors were rare in this 
phase of the learning and have no differentia- 
ting value; hence, the graphs were based on 
only the blind alley entries. For trials 1 to 25 
the means of total errors for controls and im- 
mersed animals are 5.6 and 12.6, respectively. 


a b 
N CONTROLS (25) — cinsa) 
x EXPLRIMCHTALS (a4) —— Elma) 
a 
e 
u a 
z 
=x \ 
ai AAA 
= bed V we 


As indicated by 4, the difference is significant 
at the .001 level. 

Figure 2% is based on wrong choices by the 14 
Control and 13 immersed rats which continued 
through 100 trials, as specified earlier. It is 
Plo tted as a continuation of the data for 
trials 1 to 25 because there was, in fact, no 
Change in conditions through trials 26 to 50. 

€ upward shift in means for the immersed 
8toup results from dropping the 11 rats which, 
is a group, were slightly better than the re- 
te rats. As is apparent, the controls con- 
iy with only occasional errors, and the 
inmersed rats, as a group, made very gradual 
vaspovement. Two immersed rats never 
Lcd at all from the “stereotyped,” wrong 

Slces already apparent during trials 1 to 25. 
ab 7 swam down the wrong alley, whirled 
a swam rapidly back to the goal-end with 

ch unity of action that to an observer the 

Pparent intent was no less clear-cut than that 


Gs so Sf S5 69 65 70 
TRIALS 
Fic. 2a, b, c, d. Error curves for successive grou 
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of immersed rats making correct turns. While 
not conforming to the £’s definition of right 
choice, these responses were executed with 
about the same degree of automaticity as 
technically correct choices. 

Figure 2c is presented as a continuation of 
2b, although in one important respect it 
actually was not. Before trial 51 the Æ shifted 
the goal-ramp from left to right side. Thence- 
forth, by definition, left turn was wrong and 
right turn correct. The graphs clearly indicate 
a difference in the lability of habits of the 
control and immersed groups. All the controls 
made mistakes at first, as one would forecast 
because of their previous mastery of the prob- 
lem; but within a few trials correct choices 
began to appear within this group. None shifted 
abruptly and, as usual, some shifted earlier 
and more consistently than others; hence the 


c d 
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ps of 25 trials 


daily means fall off gradually as shown in 
Figure 2c. ; 

The individual records of the immersed 
animals differ markedly from those of the 
controls. Two rats that had always turned 
(erroneously) to the right continued to do so, 
but did not exit on arrival at the ramp; instead, 
they spun around like robots and swam back 
promptly to the left end without displaying 
clear-cut evidence of having noticed the ramp. 
They made several back-and-forth excursions 
before using the ramp on trial 51. Five im- 
mersed rats which had learned to turn to the 
left on trials 1 to 50 continued to make the 
same turn during trials 51 to 75. This is one 
of the most striking differences between the 
immersed and the control animals; the latter 
adapted to the change of goal position rather 
promptly, whereas the former perseverated in 
the previously correct choice. A latent tendency 
to perseverate is the essence of the difference 
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between the correct-responding rats of | 
control and the immersed groups on trials 2 
to 75. In retrospect it provides what justifi- 
cation one has in speaking of normal over- 
learning in the controls and “stereotypy or 
“fixation” on the part of the immersed. i 
Figure 1d represents the error records x 
trials 76 to 100, when the ramp was again back 
on the left, where it had been for the first 50 
trials. As on trial 51, the controls uniformly 
started with the maximal number of errors, 
and the immersed, as individuals, did just 
what they had been doing before, whether 
right or wrong. Those that had never made any 
but the right-side choice, as well as those that 
had learned to turn right during trials 51 to 75, 
made wrong turns on trial 76, whereas those 
that had made left choice (erroneously) 
throughout trials 51 to 75 now were right by 
accident. 

Soon after the goal shift was made (trial 76), 
the controls began turning to the left, and with 
but two excepti 
rectly by the end of the first day. No immersed 
animal that ha 


trials 51 to 75 turn during 


ee of them 


showed promise of ultimate 
further trials. Three rats never 
turn; four were always right 
they had never ceased to take 
was mastered during trials 1 to 
trial 51, the immersed rats t 
came correct-choice animals, 


made a correct 
simply because 
this turn after it 
50. Again, as on 
hat suddenly be- 
because the ramp 
nore the ramp on 
€ main unit. The 

d shuttled back to 
d been doing. After 
S they used the ramp 


and continued to do so on Subsequent trials 


without delay. 


DISCUSSION 


Gilhousen (2), in experiments sho 
tats would “fixate” a complicated 
involving a series of jumps to food when a 
more direct pathway was available, is some- 
times credited with being the first to isolate the 
concept of “fixated” behavior in tats. Phe- 
nomena somewhat remindful of these had 
already been discussed in earlier studies dealing 


wing that 
pathway 
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. sy: . Hf in 
-with tenacious position habits occurring 


discrimination studies and persistent emon 
that stood out against mastery of er 
types of mazes. Recently, interest has a ns ie 
largely on the relation of certain “psycho rs 
cal” states, such as intense hunger, confusio f 
frustration, anxiety, etc., to the preamen y 
stereotypy and perseveration of maladap 
responses. - 
Tn the present study, panic-like ae 
activity was aroused in the immersed | of 
fore each trial. In respect to cutalmen ct 
individual variability of attempts, the P 
was somewhat like that reported by ae 
(1), who found that as hunger peo to 
intensity, variability of response appeare like 
be curtailed in his fan-shaped maze. kG) 
the study of Krechevsky and Honzik PE 
however, the lack of docility in transfer a 
ations appears not to be attributable pe the 
learning per se, because the habits 0 alo 
controls were very labile despite a great de no- 
repetition of one type of response. Trail! 
solution situation used extensively by sing 
(4) and co-workers as a means of ale 
frustration hardly warrants aligning our = E 
with theirs because the essential proba at 
the present study can be solved so readi ee 
any time. However, the contrast bem 
labile and “fixated” responses is a prom! 
feature of both studies. < with 
At present our primary concern 15 the 
efficiency and inefficiency of motivating oa}. 
Tat to choose the shortest route to the s ac 
Mason and Stone (5) showed that Ee 
swimming was superior to enforced > e 
water swimming in promoting choice 5 
shortest route. The present study EN 
immersion for 30 sec. just prior to each elease 
relatively inefficient as compared with Ai A 
with only momentary “dunking.” Sm amet 
Togress suggest that the experience of ie g 
sion, as opposed to the 30-sec. abya poor 
Start, quite probably causes the relative Y sples 
records of the immersed rats, Other V# before 
Still have to be investigated, however, rs ares 
one can say with conviction which ae 
and which are not, causal in pon en 
efficient mastery of a simple maze. merse 
ample, there is evidence that a rat 1M ea 
for 30 sec. will master the one-unit mea 
transfer when the goal is shifted just 45 


jis 


d 
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as its control if the wrong alley is covered with 


_ transparent Plexiglas that forces underwater 
swimming. Also, when immersed rats are re- 
quired to swim down a straightaway for a short 

. distance (3 ft.) before making the choice, they 

master the choice at the same rate as their 

controls. Possibly, even a few seconds’ de- 
tention after immersion would accomplish the 
same result as swimming for 3 ft., but this 
variable remains to be tested, as do also other 

Seemingly trivial factors that may contribute 

Significantly to the efficiency or inefficiency 

that characterized the groups of this study. 

Some of the foregoing devices may be no less 
effective in breaking up “stereotyped” choices 
than in their prevention from the outset. 

Investigations along lines of correction as well 

as prevention are contemplated. 


SUMMARY 


The present study deals with pretrial im- 
mersion that causes low efficiency in rats’ 
learning a one-unit water maze, efficiency 
being indicated by the rate of mastering the 
Most economical route to the goal. It also deals 
with the unadaptibility that limits the animals’ 
Success in modifying their habits as required in 
transfer problems. Points that bear most 
Interestingly on the efficiency of learning and 
lability of habits in transfer problems are as 
follows: 

Hs Stereotyped, fixated behavior occurred in 
most of the immersed animals; in consequence, 
their rate of progress in mastering the left turn 
during trials 1 to 50 was significantly inferior, 
as a group, to that of the controls. Two of the 
13 immersed animals never made a correct 
Tesponse, 

l 2. Long repetition of right choices (over- 
earning) by the controls was not associated 
With loss of adaptability in the transfer situ- 
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ations. However, stereotyped, fixated behavior 
characterized the immersed rats that made 
correct turns from the beginning or which 
learned to do so in the 50-trial series; it was 
evidenced by failure or by greatly retarded 
shift of choice following transfer of the goal- 
ramp to the opposite side. 

3. The immersed rats that had always swum 
to the right side (erroneously) in trials 1 to 50 
failed to use the ramp immediately after it was 
shifted from left to right; instead, they swam 
to the right end, whirled around, and then 
swam directly back to the left end (now wrong), 
suggesting that the entire series of movements 
was well integrated. After one or two trials 
they used the ramp on arrival at the right side. 

4. Exploratory experiments indicate that 
small changes in the experimental setup are 
effective preventives of stereotyped, fixated 
behavior in immersed animals. Further study 
of both preventive and corrective devices 
should prove to be enlightening. 


REFERENCES 


1. Eruorr, M. H. The effect of hunger on variability 
of performance. Amer. J. Psychol., 1934, 46, 
107-112. 

2. GHouseEN, H. C. An investigation of “insight” in 


the rat. Science, 1931, 78, 711-712. 

3. KRECHEVSKY, I., & HONZIK, C. H. Fixation in the 

rat. Univer. Calif. Publ. Psychol., 1932, 6, 13-26. 

Marr, N. R. F. Frusiralion. New York: McGraw- 

Hill, 1949. 

5. Mason, W. A., & STONE, C. P. Maze performance of 
rats under conditions of surface and underwater 
swimming. J. comp. physiol. Psychol., 1953, 46, 
159-165. i 

6. Osas, M. D. Maze performance of the albino rat 
under prolonged initial submersion. Unpublished 
master’s dissertation, Stanford Univer., 1953. 

7, RusseLL, R. W. Comparative psychology. Anau. 
Reo. Psychol., 1954, 5, 229-246. 


Received August 28, 1953. 
Early Publication. 


NKEYS! 
ADDITIVITY OF CUES IN VISUAL PATTERN DISCRIMINATIONS BY MO 
J. M, WARREN? 


University of Wisconsin 


This experiment was designed to egira’ 
the relative discriminability of pattern stimuli 
which differed in color (C), form (F), or size 
(S) alone, or in the four possible ice 
of these variables, i.e., color and form ( 
color and size (CS), a size (FS), anc 

and size . 
eo. theorists of the S-R school (2, 5) 
have explicitly or implicitly predicted that 
learning is more rapid when relevant stimuli 
are presented in more than one modality. This 
prediction has been confirmed experimentally 
(1, 8). S-R theory is, however, vague concerning 
the possibility of, or the effects of, additivity 
of cues from different stimulus dimensions 
within the same modality. Hull’s (6) postulate 
of afferent neural interaction is obviously 
concerned with these relationships, but at the 
present time is quantitative only with respect 
to external inhibition and external inhibition 

of internal inhibition (6, pp. 94-95), 

The lack of more Precise expression is doubt- 
less the result of an absence of major quanti- 
tative studies, These experiments are needed 
to demonstrate the size of the effects, the rela- 
tions among qualitatively different dimensions, 
and the characteristics of the compound 
effects, 


METHOD 
Subjects and A bparatus 
The complete experimental histo: 


rhesus monkeys (No. 156, 157, 158, 159, 160, 162, and 
164) which served as Ss in this st: 


in a previous Publication (11) e: 


pairs of geometrical figures cut 


from colored Construction paper and mounted on 3-in, 


Doctor of Philosophy 
at the University of 
ow at the University of 


D air of 
by 3-in. squares of white posterboard. ie ia com- 
figures varied in color, form, size, or in three at 8 
binations of these variables taken two or wo cate- 
time. Those stimuli which varied In one OF s 
gories were constant in the othér ce gol involve 

The stimuli in the categories which dic + ayERIO 
size differences (C, F, CF) were figures with a tegories 
2.7 sq. in. The areas of the two figures in oe 1 
which varied in size (S, CS, FS, CFS) were E 100 per 
and 3.6 sq. in. Thus, the larger stimulus me tegories, 
cent larger than the smaller in these four Ca with size 
and the areas of both figures in the problems “petween 
constant were intermediate to prevent eee forms 
these classes of problems. From ten age on , 
(cross, square, circle, triangle, rectangle, trapezoi 
quadrant of a circle, semicircle, rhombus, enn w-green, 
and ten colors (orange, red, black, yellow, Yei compati 
brown, blue, green, purple, and gray), pairec ama åta 
sons were formed by drawing two colors or f possible 
time from these populations. The number bi Jarge: 
problems within the various categories 2 taken at 
ranging from 100 to 2,025. Samples were s, and no 
tandom from these pools of possible problem‘, eter 
Particular paired combination of stimulus sly, none 
was repeated during the experiment. ia 
of the populations of problems was exhaus 


Procedure 


as that 
The individual trial procedure was the oat the wis- 
previously described (12), and is standard a 
consin laboratory, eran each 06 ES 
Seven ten-trial problems, one within f 5 
stimulus categories, were tested each day K egory 
a total of 210 problems. Within each S so that 2° 
(+) and (—) designations were randomize d or non- 
color, form, or size was consistently rewar 
rewarded. 


Experimental Design nd 


ing 3”. 
ne learn! j- 
In order to estimate the significance ae sis 0 We 
to remove temporal variations from the E into six fiv A 
ance, the results were arbitrarily divide n 


5 included #9. S 
day problem blocks. This variable was ie cate am 
three-factor factorial design, with stimu ende 


f jinde] 
and individual monkeys as the other two 
variables, 


RESULTS ‘eal 
The analysis of variance, summer rence 
Table 1, indicates that individual nt at te 
and stimulus categories are significa roble” 
-001 confidence level. The F value n p con” 
blocks is significant at the .05 leve 
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VISUAL PATTERN DISCRIMINATION IN MONKEYS 


Ae The interproblem learning curves, 
ia er, are irregular and give little evidence 
ome ree improvement with practice. 
én ses of stimuli may be divided into 
ele on the basis of errors made on 
aoe Moog 2 Perfarmangs on the categories 
superio a or ifferences was consistently 
ae r, by 12 to 17 per cent, to performance 
( CRs ¢ categories which did not differ in color 
Cg p oi per cent errors; CF, 7:0: CS, 8.5; 
(10 .9; FS, 20.7; F, 22.7; S, 25.5). Tukey’s 
) gap test indicates that C, CF, CS, and 


TABLE 1 
Summary of Analysis of Variance 

SOURCE | df g. | F | $ 
M M 
eA 6 | 301.45 | 49.74 | -001 
Simao blocks 5 | 32.41 | 5:35 | .05 
TET categories 6 | 576.99 | 95.21 | .001 
MS PB 30 | 10.50 | 1.73 
Ee 36 | 14.55} 2.40 
Mx oS 30 | 13.34 | 2.20 
T B X SC 180 6.06 

otal 293 


PER CENT CORRECT RESPONSES 


TRIALS 
TeS 1. The effect of combined stimulus cues on 
taproblem learning 


CES constitute a homogeneous group of cate- 
8ories, that performance on these categories 
Was significantly superior to performance on 
an S, and FS, and that none of the differences 
Mong the latter three classes was significant. 
See more lenient / test of related measures 
6d cates that FS was superior to F(= 3.07, 
if) and to S (f = 2.64, 6 df) at the .05 level 
of confidence. 
a intraproblem learning curves 
of oon 1 show more clearly the pre 
ih imulus dimensions on discrimina 
8. The intraproblem curves for the c 


presented 
cise effects 
tion learn- 
ategories 
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which include C (color) differences all have 
a much higher slope constant and asymptote 
than the curves derived from F, S, and FS 
discriminations. The addition of F, S, or FS 
dimensions to C does not change the asymp- 
tote, but there is a greater discontinuity at 
trial 2 (ie., fewer errors) and a more rapid 
approach to the asymptote on succeeding 
trials, Comparison of the FS curve with the 
F or S discrimination learning curves reveals 
similar differences. 


DISCUSSION 


The results of this experiment are in good 
agreement with previous studies of the relative 
discriminability of stimulus dimensions in 
monkey and man. Harlow (3), Meyer and Har- 
low (9), and Warren and Harlow (14) found 
color a more easily differentiated discrimi- 
nandum for monkeys than form or size. Stimuli 
which differed in form and color were little, if 
any, more discriminable than those differing in 


color alone. 
The great superiority of C over the F and S 


categories shows clearly that color is a pre- 
potent cue in the discrimination learning situ- 
ation. The dominance of color is reflected in 
the findings that performance is not signifi- 
cantly improved when form or size differences 
are added to color. This finding corroborates 
Lashley’s (7) concept of perceptual dominance. 

The results of this study provide some evi- 
dence for the additivity of cues in the dis- 
crimination learning of monkeys as indicated 
by the differences in the intraproblem learning 
curves when single and multiple stimulus 
dimensions were employed. Fewer errors were 
made on the combined FS discriminations 
than on the discriminations differentiated by 
only the F or S dimensions, and this difference 
approached statistical significance. 

The data of this experiment agree with those 
of earlier experiments in indicating that little 
or no gain is obtained when additional cues 
are added to highly effective single-dimensional 
cues, specifically, color. Two relatively in- 
effective single-dimensional cues, as form and 
size, may produce facilitative effects when co- 
joined, but even here the differences are not 
great. The performance increment is certainly 
not algebraical under any circumstances and 
has not yet been reduced to any precise mathe- 
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matical function. Although the data of this 
experiment and related experiments emphasize 
the importance of dominance, they are not 
opposed to the principle of additivity of cues, 
particularly of those whose dominance is low. 


SUMMARY 

Seven rhesus monkeys were tested on 210 
pattern discrimination problems which differed 
in color, form, size, and all possible combina- 
tions of these three variables. Color-difference 
category differed significantly from any other 
in facility of solution, and performance on all 
color-difference categories was significantly 
better than on those which differed in form or 
size or both form and size. The form and size 


category was more discriminable than form or 
size alone. 
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THE SPECIFICITY OF THE FIXATED RESPONSE IN THE RAT? 


ROBERT S, FELDMAN 
University of Massachusetts 


Maier and his students have shown that 
subjecting rats to frustrating insoluble problem 
situations leads to rigid, stereotyped behavior 
that persists even when solutions are later 
made available (3). They have also shown that 
manually interfering with fixated rats’ re- 
sponses by forcing correct responses caused the 
rats to abandon their fixated responses and 
solve the problem. This procedure, designated 
as “guidance,” consisted essentially of trials in 
which the Æ’s hand was placed next to the rat 
to prevent a response to the wrong window and 
the rat was nudged to the correct window. 
Maier and Klee (7) made a detailed study of 
the role of guidance in the alteration of ab- 
normal fixations to find the most effective 
means of application and the mechanisms 
governing the resultant behavior changes. They 
compared two techniques by which learned 
and frustration-instigated responses were 
altered and adaptive responses learned in new 
soluble problem situations. These were (a) by 
ordinary trial-and-error learning, and (b) by 
guidance (i.e., forcing the animals to make 
correct responses) on some of the trials in the 
new problem. They found that when guidance 
was used, the old responses were consistently 
altered, permitting the new problem to be 
mastered. They also found that when guidance 
was given on every other trial, almost every 
rat was able to abandon its previous responses 
and learn the new problem. 

In this study, an apparatus was designed 


1This research is part of a thesis submitted in 
partial fulfillment of the requirements for the Ph.D. 
degree at the University of Michigan. Appreciation is 
expressed to Norman R. F. Maier, the thesis director, 
for his patience and counsel, and for opportunities in 
his laboratory which led to this research. The complete 
thesis, “The Relationship between Guidance and the 
Specificity of the Fixated Response in the Rat,” is 
available on microfilm from the University of Michigan, 
Ann Arbor, Mich., Publ. 2403. 
. Part of the experimental technique and results are 
illustrated in the film, “Frustration and Fixation, 
by R. S. Feldman and P. Ellen, available from the 
Psychological Cinema Register, Pennsylvania State 
College, State College, Pa., PCR-2034. 


which permitted fixated animals to walk on a 
runway to the correct window on alternate 
trials. If the significant features of guidance 
are prohibition of the fixated response, escape 
from punishment, reward of food, and the 
experience of responses made on the basis of 
discriminations to be mastered, then this 
technique would also break fixations. If 
fixations are not altered by this method, the 
above factors would be ruled out, and other 
mechanisms would have to be proposed and 
tested. 

There are also available from this technique 
significant data concerning the controlling 
stimuli of fixated responses. If the animal is 
fixated to some specific stimulus object in the 
jumping situation, one would expect to observe 
similar types of fixated behavior in the walking 
situation. On the other hand, if the fixation is a 
response in a specific situation, one could 
expect few similarities in performance during 
jumping and walking trials. Thus, the problem 
is also one of determining whether the fixated 
response is a specific response in a specific 
or whether it is a response which is 


situation, i 
governed by a limited stimulus area of the 
situation. 
METHOD 
Apparatus y 


A modified Lashley jumping stand was used in this 
study (1). This apparatus consists principally of a 
jumping platform situated 8} in. in front of two 
Plexiglas windows 6 in. square. Projectors threw an 
image of a black circle 8 cm. in diameter on a white 
field (Bw) on one window, and a white circle 8 cm. in 
diameter on a black field (Wb) on the other. Behind the 
windows was a food station. The rat was required to 
jump from the jumping platform to one of the windows. 
Tf it jumped to the correct window, the window opened 
and the rat received a food reward on the food station. 
A response to the wrong window resulted in a bump on 
the nose and a fall to a net located 4 ft. below the 
windows. 

Connected to the front edge of the jumping platform 
was a V-shaped runway, each leg of which was 2 in. 
wide and reached to the windows when placed in 
position. The entire runway mechanism could be 
fastened under the jumping platform so that no part 


487 


488 


of it could be used by the rat while making a jumping 
response, 


Preliminary Training 


The training period was begun by placing the animals 
with their daily food ration on the feeding platform 
of the jumping stand. When the rats were eating well, 
trials were begun in which the jumping platform was 
moved to a position close to the windows and the rats 


were jumping the complete distance of 8}4 in. Next, 
the windows were gradually closed, with the result that 
m, eventually had 
o the feeding plat- 


Experimental Procedures 


Stage 1: The nonsolution 
frustrating the animals ti 


i m number of fixati 
Stimulated with the electric “ aie 


more than 30 sec., 
recorded after each t 


i tio rats were 
wand” if they hesitated 


and the latence: of res ponse was 
y 
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by reversing their discrimination to the Bw or Wb 
window, respectively: This stage continued for 200 
trials unless the animal abandoned its stercotyped 
response and solved the discrimination problem at 2 
criterion of three consecutive days with not more than 
one crror. Any rat that solved the discrimination prob- 
lem would be removed from the study since only rats 
with demonstrated fixations were to be used for suc- 
ceeding procedures. r 

Stage 3: Alternated jumping and walking trials. The 
animals that did not solve the problem and had either 
a position or symbol fixation were given 200 alternated 
trial-and-error jumping trials and walking trials. The 
walking trials were those in which the runways were 
Placed in position to Provide a path from the jumping 
platform to either window. Preliminary studies revealed 
that the rats had a tendency to fixate walking responses 
that did not necessarily correspond to the fixate 
jumping responses; therefore, to insure mastery of the 
walking response, guidance was given during some of the 
walking trials to prevent walking fixations. When 
E guided the animal, he placed his hand beside the 
Tat and prevented it from making an incorrect respons 
and at the same time he gently nudged the anima 
toward the correct runway. Guidance was given only 
when an animal appeared to he making the same wal 
ìng error twice in succession on the same day. More 
Specifically, if a rat walked incorrectly to the left Oe 
the first walking trial of the day, it was punished. J 
the rat started to walk incorrectly to the left again, 
guided the rat to the correct runway on the right- 


the rat walked incorrectly to the left, it wou as it 
Punished again, etc, Guidance was given as long © de 
was needed mi 


; » ie., when the animals no longer id- 
consistent errors indicative of walking fixations, 7 
ance was stopped. 

A walking trial was scored as incorrect if th 
extended its body in the direction of the neg 
window and removed its four feet from the starting 
form. When this occurred, the animal was pushe the 
the runway to the net below or it was guided t° nce 
Correct window. It should be mentioned that guid® 
was never given on jumping trials. 


e rat 
ative 
plat- 
F off 


Subjects 


in 
A total of 20 hooded and albino rats was used i 
this study, However, one rat died during th jd not 
ment from a respiratory ailment, and one rat ees 
become fixated and was eliminated from the eros rats. 
erefore, complete data were obtained from 1 and 5 
Three litters were represented consisting of 75 eh 
Tats, respectively, 


RESULTS 


Frustration and Soluble Problem Situations the 
Of the 19 animals that complete left- 
frustration trials (stage 1), 9 develope s 4 
and 4 developed right-position respons?" 
animals responded consistently to the he 


window, and 2 responded consistently t° 
Wb window. 
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In stage 2, all animals were placed in a 
soluble discrimination problem. The 13 
animals that developed position responses and 
the 2 animals that had consistently responded 
to the Wb window had to learn to respond to 
the Bw window. For the 4 animals that 
persistently responded to the Bw window in 
stage 1, the Wb window was now positive. The 
results showed that 8 of the 9 animals with 
left-position responses continued to make these 
responses in stage 2. The one animal that was 
different showed a departure from its stereo- 
typed position response after 117 trials in the 
solution stage (stage 2) and exhibited signs of 
not being fixated. Since only definitely fixated 
animals were needed for further procedures, 
this animal was dropped from the experiment. 

The four animals with a right-position re- 
sponse persisted in this response in stage 2. 
Two of the four animals with Bw responses 
persisted in this response, and two of these 
animals abandoned this response during stage 
2—one adopted a left-position response and the 
other adopted a right-position response. Also, 
the two animals with the Wb response aban- 
doned this symbol response and adopted left- 
position responses. 

Tt should be mentioned at this point that 
the rats that formed position responses were 
given 50 per cent random punishment in stage 1 
and 50 per cent orderly punishment in stage 2. 
However, the rats that formed symbol Te- 
sponses received 50 per cent random punish- 
ment in stage 1 and 100 per cent, punishment 
in stage 2 because these latter animals had to 
reverse their responses in order to solve the 
problem. This point is important because 
Maier and Klee (6) found that the amount of 
Punishment is a significant determiner of 
fixations, and some of the results reported here 
are interpreted in light of those findings. 

At the end of stage 2, 18 rats had stereotyped 
responses that were designated as fixations 
since they were practiced in the presence of a 
soluble problem. To demonstrate that these 
Stereotyped responses were compulsive 1n 
character rather than due to an inability to 
discriminate between the windows, an analysis 
of the latency of responses was made for all 
animals that had formed position responses in 
Stages 1 and 2. The animals which practiced 


symbol responses in stages 1 and 2 could not 


be included in this analysis for reasons which 
will be evident when the nature of the analysis 
is explained. 

In our analysis, the average latency of re- 
sponses to the negative window and the posi- 
tive window was compared on a daily basis. 
For example, if the 12 rats with position 
fixations jumped to the positive card five 
times each on a given day for a total latency 
of 840 sec., their average latency of response to 
this window per trial on that day was 14 sec. 

The results of this analysis of stage 1 and 2 
are shown in Figure 1. It can easily be seen that 
in stage 1, when punishment is given at 
random, the animals express no preference for 
either card. However, when the problem 
becomes soluble (stage 2), the animals manifest 
a distinct difference in their behavior to each 
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Fic. 1. A comparison of mean latencies to the posi- 
tive and negative cards for rats with position fixations 


of the windows. Above all, the results indicate 
that these animals were practicing a position 
response despite the fact that they consistently 
discriminated between the positive and nega- 
tive windows. These results support Maier’s 
finding that latency measures provide an index 
of learning which has taken place when con- 


ditions keep this learning from more concrete 
expression. 


The Effect of Introducing Alternated Walking 
Trials 

la stage 3, all animals were permitted to 
learn to walk to the correct window. Attention 
is called to the fact that six of the animals 
which completed this stage had at some time 
manifested a symbol response. It is necessary 
to deal with these animals separately in the 
following analysis since, for varying periods of 
time, they had received 50 per cent more 
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punishment than the animals with position 
responses. Maier and Klee (6) found that 
animals that had sustained 100 per cent 
punishment in being forced to reverse a dis- 
crimination or position response were more 
likely to become fixated than animals that had 
been subject to only 50 per cent punishment 
in being forced to change either from a position 
to a discrimination response or from a dis- 
crimination to a position response. If more 
punishment makes it more likely that a rat 
becomes fixated, it is also possible that these 
fixations will be stronger. And further, it is 
possible that the stronger fixations will general- 
ize more readily to related situations, A sepa- 
tate analysis of the walking behavior of the 50 
per cent punishment group and the 100 per 


TABLE 1 


Comparison of Guidance and Learning Scores between 
Position- and Symbol-Fixation Animals in Stage 3 


pie syapoz| prr- | 
rixa- | PIXA- | PeR- i 
tions | TIONS | ENCE 
(50% 100% | BE- i 2 
PUNISH-|PUNISH-| TWEEN 
MENT) | MENT) [MEANS 
ee ee a 
Mean days of nec- | 7 4 | 12.1 
‘ à +1) 4.7 
3 y guidance 2.32 |< .05 
ean days needed | 10.9 | 15.3 4 
to learn the walk- sal aa ici 


ing response 


the animals that had 
ad sustained 50 per 
1 and 2 were able to 
learning a correct 
ot more than one 
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score that could be made by those animals that 
failed to satisfy the learning criterion. This 
arrangement of the data shows that these six 
animals as a group required 12.1 days of 
guidance and an average of 15.3 days to learn 
the discrimination response on walking trials. 
These results are shown in Table 1, and a com- 
parison of the results of the two groups shows 
that the symbol-fixation group required nearly 
twice as much guidance and nearly one-half 
again as many trials to learn the walking re- 
sponse as the position-fixation group. The 
reliability of the difference was beyond the 5 
per cent level of confidence. The difference 
between the mean number of days necessary to 
learn the walking response for the two groups 
Was not reliable at the 5 per cent level of confi- 
dence, Although only one of these differences 15 
Significant, the direction of the differences ÍS 
consistent with that obtained by Maier an 


Klee (6) in a study dealing with similar 
variables, 


The Noneffectiveness of Correct Walking for 
Altering Jumping Fixations 

The data showing the effect of correct 
walking responses on the stereotyped jumping 
responses in Stage 3 revealed that in the 
alternated walking and jumping trials no ; 
was able to abandon the jumping fixation 17 
favor of correct responses that were availab f 
to it during the jumping as well as the walking 
trials. This fact is significant, for 16 out 07 | 
animals had learned to make correct walking 
Tesponses, yet they responded in a stereotyP' $ 
and compulsive way to a position, or in r 
of the negative window when they ha t 
Jump to the windows. It is further significa” 
that in all the studies done by Maier and by 
students in which guidance was used to ane 
fixations, it was rarely, if ever, found ern 
rat would persist in its fixated respons? # in 
200 alternated free and guided trials; ye’ 
this Situation, walking responses inste 
guided jumping responses on every other 
had no effect on the jumping fixation. 


trial 


DISCUSSION ted 
The principal results of this study inde a 
that frustrated rats that had fixated jumP en 
responses persisted in these responses eas 

when they had learned by some other m° 


Ee 


SPECIFICITY OF FIXATED RESPONSE IN THE RAT 


(walking) to make appropriate responses in the 
problem to be mastered. This means, first, 
that the effectiveness of the guidance technique 
used by Maier and his students does not 
depend in a significant manner either upon 
the mere absence of punishment and/or 
frustration, or upon the experience of success 
in some aspects of the problem to be solved. 
Hilgard (2) has proposed that guidance 
brings back into the animal’s behavioral field a 
cognitive appreciation that jumping to the 
alternative and the correct window is now a 
better response than its former stereotyped 
response that yields at best only partial suc- 
cess. Hilgard’s conception of fixation holds 
that the rat persists in its stereotyped responses 
because it does not know that the conditions 
at the alternative window would be any better 
than those at the window to which it is respond- 
ing at the moment. However, the data that are 
reported here refute this proposal inasmuch as 
it has been patently demonstrated that the 
animals will learn that the alternative position 
or card during walking responses is preferable 
and yet resist them when a jumping response 
is called for. Moreover, these data are in 
agreement with the observations made in 
Maier’s laboratory of fixated rats’ reaching 
toward the food cup and sniffing at it when it 
is in place just back of the opened window but 
refusing to jump to that position because of 
their compulsive attraction for the opposite 
position. Hence, it is unlikely that some simple 
cognitive mechanism is at the basis of the 
persistence of frustration-instigated behavior. 
These data also bring into question the 
point of view that holds that compulsive be- 
havior is the consequence of a breakdown of 
learning in the presence of anxiety. For ex- 
ample, in discussing human patients, R. W. 
White says, “The core of a neurosis lies at the 
point where anxiety has blocked or distorted 
the learning process so that the new learning 
essential to adjustment cannot take place” 
(8, p. 217). The evidence presented here fails 
to support the hypothesis of a “blocked or 
distorted learning process” since, unquestion- 
ably, learned discriminations between stimuli 
Were found in our compulsive organisms both 
Within the compulsive behavioral context 
(expressed as different latencies of response to 
the correct and incorrect windows) and closely 
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related responses (in walking but not jumping 
trials). 

On the other hand, another conclusion might 
be that the guidance technique does not seem 
to be effective unless the guided responses are 
of the same sort as those that are necessary for 
the correct execution of the problem. This 
conclusion may also be expressed as some fail- 
ure on the part of the fixated animal to general- 
ize between related stimulus complexes. It 
also seems evident that the fixated response is 
a specific response in a specific situation, for if 
the fixated response were merely the com- 
pulsive attraction for one window or position 
or a compulsive avoidance for the correct 
stimulus, it would seem that there would be a 
rapid generalization between jumping and 
walking responses, for position stimuli and the 
different windows were common to both con- 
ditions. An experiment to assess the extent of 
stimulus generalization between walking and 
jumping trials for normally trained animals 
would clarify this issue. 


SUMMARY 


Using a Lashley jumping technique, 20 rats 
were subjected to an insoluble problem situ- 
ation for 160 trials. This resulted in behavior 
stereotypes which were found to persist during 
a subsequent soluble problem situation which 
lasted for 200 trials. The animals then were 
trained to walk along runways to the correct 
window on trials alternated with jumping 
trials. The results showed that while practically 
all animals learned to walk to the correct 
window, this learned response did not transfer 
to the jumping situation, and all rats persisted 
in their fixated responses. These results were 
interpreted to mean that one cannot account 
for fixations on the basis of a rat’s having no 
reason to believe that alternative responses 
would be better than its stereotyped responses. 
Also, it is possible that the fixated response is 
a specific response in a specific stimulus situ- 
ation, and that the animals were responding in 
terms of the whole situation and not to some 
restricted aspect of it, thereby reducing the 
possibilities for stimulus generalization. 
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THE ABSOLUTE AND RELATIVE THEORIES OF TRANSPOSITION BEHAVIOR 
IN RATS 


IAN M. L. HUNTER 
Institute of Experimental Psychology, Oxford University, England! 


Transposition is the name given to habit 
transfer between situations where the com- 
ponent stimuli differ but the relationships 
among the stimuli remain constant. Its theo- 
retical importance is that it suggests a Gestalt 
or relational type of perceptual organization 
(6, 7) which conflicts with the neo-Pavlovian 
organization proposed by Hull (3) and Spence 
(8, 9, 10). The Gestalt-type and Pavloy-type 
theories of discrimination divide on numerous 
issues, but those portions of them which deal 
especially with transposition have been called 
the “relative” and “absolute” theories, 
respectively. 

Stimuli lying along the dimension of visual 
size have, here, been selected to demonstrate 
the two theories, although any set of stimuli 
would have sufficed providing they could be 
ordered along a linear scale with regard to one 
feature, such as pitch or intensity. Suppose 
that there are three circles, one large, one 
medium-sized, and one small, which are, here- 
inafter, referred to by the letters A, B, and C, 
respectively. A rat is repeatedly given simul- 
taneous presentations of A and B and trained, 
under conditions where size difference alone 
provides a differential cue, in the discrimina- 
tion B(++) vs. A(—). The plus sign signifies 
approach and the minus sign avoidance. This 
pair is, now, replaced by C vs. B, and the rat is 
found to approach C spontaneously while B, 
approached during training, is no longer 
chosen. According to the absolute theory, this 
results from the rat’s having acquired a 
Stronger tendency to approach the specific 
stimulus C than to approach the specific 
Stimulus B. Moreover, this difference of 
Strength between the two tendencies is inde- 
pendent of the simultaneous presence of C and 
B. Any subsequent habit, therefore, which 
involved approaching C (or avoiding B) 
should be more easily learned than one which 
involved approaching B (or avoiding C). For 


1 Now at the University of Edinburgh. 


the relative theory, the preference for C over B 
depends solely on the relationship between 
them, and if this is destroyed by presenting the 
circles in isolation instead of together, the one 
stimulus should be no more readily approached 
or avoided than the other. Suppose, then, that 
a number of rats are trained on B(+) vs. A(—) 
and show transposition to C vs. B. They are 
split into two groups, the first group being 
presented with C only and trained to avoid it, 
while the second is trained to avoid isolated B. 
The absolute theory expects the second group 
to learn more rapidly than the first, i.e., 
expects 2 quantitative difference between the 
group training scores. The relative theory 
expects no difference in ease of learning be- 
tween the groups. These are the divergent 
predictions which provided the starting point 
for the present experiment. Before, however, 
being cast into concrete form, these group 
differences were translated into differences in 
the quality of individual performances. There 
were two reasons for this. First, the obtaining 
of reliable group differences might have meant 
working with more rats than laboratory con- 
ditions allowed. Secondly, the theories refer to 
individual, not group, behavior and ought to 
be tested, whenever possible, by the exami- 
nation of individual behavior. 

The transition from group to individual 
differences was effected as follows. After dis- 
crimination B(++) vs. A(—) is learned and 
transposition shown to C vs. B, we wish to 
know the relative ease of learning discrimina- 
tions involving only B and those involving 
only C. Suppose that each of those two stimuli 
is presented alongside an all-black stimulus 
(hereinafter referred to as X) and that the 
discriminations in question are X(+) vs. 
B(—) and X(+) vs. C(—). Preliminary in- 
vestigations revealed that the rat does not 
learn those habits so rapidly that a few training 
trials on the one cannot be alternated several 
times with a few trials on the other before 
mastery is complete. With such alternate 
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ini e relative theory expects a more or 
oe reduction in error score until 
X is always chosen. The absolute erred 
predicts that, superimposed on this smoot! : 
declining error score, is an alternating rise an 
fall—a rise during the learning of X(+) vs. 
C(—) and a fall when X(+) vs. B(—) is being 
learned. 


METHOD 
Subjects 


he start of the 
Ss were 15 male hooded rats. At tl I 
Sy they were about 44 weeks old and experi- 
mentally naive. 


Apparatus 


The discrimination was between two cards filling 
the windows of a Lashley jumping apparatus. The 6-in. 
square windows were separated by a 34-in. wide wooden 
strip which, to prevent rats’ catching hold of it and 
saving a fall, projected, wedgelike, 1.5 in. in front of 
the windows. The 4 by 6-in. wooden jumping platform 
was level with the base of the two windows and situated 
midway between them. The distance between jumping 
platform and window was variable. A canvas net 3 ft. 
below the windows caught the rat after it had jumped 
to an obstructed card. 


The cards were of Stout, mat black cardboard on 
which appropriate symbols, cut from white paper, were 
glued. Centered on the three cards, A, B, and C, were 
circles of radius 5.1, 4.05, and 3.2 cm., respectively, 
The ratio of areas C:B and B:A was 1:1.6. Other 
cards were either all-black or all-white. Cards were 
regularly replaced by fresh replicas to eliminate any 
incidental cues introduced either in their preparation 
or in their use. The jumping platform and sides of the 
apparatus were painted mid-gray. Thus, when in posi- 
tion, the cards appeared ag 


ainst a mid-gray ground, 
The roof of the apparatus was of transparent Perspex 


and formed the top edge of the windows so that there 
was no wall above the cards against which the rats 
could strike when their jumping became forceful. 
Preliminary Training 


The rats were tamed, adap 
privation cycle for 7 days, and accustomed to eating 
on the feeding platform. Training then progressed 
through the following stages: stepping from the jumping 
to the feeding platform; jumping from the former to the 
latter as the gap bet 


jumping against and 


ted to a 22-hr. food-de- 
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een 
sec. in the presence of moist, mashed ateke AE 
experimental sessions, the rats were i t ca Foot 
cages with a plentiful supply of water aoe ae 
Shortly after each rat’s daily session, rat ca 
placed in the cage for 90 min. 


Discrimination Training 


The “correction method” was used. 1 remem 
suppose the positive card is on the right an nd, jumps 
tive card on the left; the rat, placed on the stand, ae 
to the left and falls into the net; it is returned ate the 
ately to the jumping platform; again, it jumi its third 
left and, again, is returned to the platform; the same 
jump is to the right and food. The cards retain snips 
positions throughout, and the whole series oe etal? 
terminated by a correct one, constitutes sand two 
This example would be recorded as “one triala ecorded 
errors.” When a trial entails no errors, it is re 
as “correct,” re 

Between one trial and the next, the cat ae 
either replaced in the same positions or eel on 
according to a prearranged random order í a few 
Gellermann’s series (2). When, after opa r either 
errors, the rat hesitated to jump, its tail bi of t 
pinched or compressed sharply against on i a few 
jumping platform over which the tail hung. the time 
days, tail-tapping was discontinued, and pare many 
critical training was reached, the rats onla Piar spon- 
errors without any apparent weakening 0 
taneous jumping. ve: 

The Nerriotation to be learned was = ces 
A(—), i.e., against any preference for the ipe There- 
Each rat had 10 trials daily for the first 7 an "15, and 
after, the number of daily trials was raised tive trials 
training continued until 68 out of 75 consecu jterion, 
h neithe 


sng day 
ng 
10 trials, training was resumed on the followin’ ‘95. 


igen en 
Four additional days of training were given, ntil 


her, An 
Position habit, testing was carried no bur cae? a 
training continued for another day; if it A aly one 1% 
tion, testing was carried on for 10 trials. bye 
transposed consistently on the first test pal train 
others required anything up to 195 se not tran 
trials before transposing, and three rats tbe prev! d 
pose consistently at all. This confirmed opkeys an 4 
observation (5) that in rats, as well as in acer ne 
children, transposition is, up to a point, ation. 
by overtraining on the original discrimin 


Critical Training wy serie 
training ” gis- 


There were four possible critical A 


jals © 
which featured alternating blocks of tia abe 
criminations involving C vs. X and B vs. X- 
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I to IV, they are shown in Table 1. Each block consisted 
of five trials. Any particular block appeared four times 
in the series containing it, so that critical training 
involved a total of 40 trials given on the same day. The 
position of X on successive trials during the first and 
third presentations of any block was /rHr and, on the 
second and fourth presentations, /rrir. For 7 of the 12 
rats which transposed, critical training followed im- 
mediately after the transposition tests, and for the 
remaining 5, it followed 1 hr. later. The presence or 
absence of the hour’s interval did not appear to in- 
fluence subsequent performance. 
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were 240 trials of either C(+) or B(—) and 
240 trials of either B(+) or C(—). With the 
latter 240 trials (on the more difficult dis- 
criminations, according to the absolute theory), 
there were 134 (56 per cent) correct trials and 
226 errors; with the former group of trials, 
there were 190 (79 per cent) correct and 104 
errors. 

Before these results can be unambiguously 
interpreted, two related difficulties must be 


TABLE 1 
The Four Critical Training Series 


B(+) vs. X(—); C(+) vs. X(—); B(+) vs. X(—) 
X(+) vs. C(—); X(+) vs. B(—); X(+) vs. C(—) 
C(+) vs. X(—); B(+) vs. X(—); C(+) vs. X(—) 
X(+) vs. B(—); X(+) vs. C(—); X(+) vs. B(—) 


TABLE 2 
Scores on Discrimination and on Critical Training 


DISCRIM. TRAINING 


CRITICAL TRAINING 


eee RAT NO. = wie 

390 | 214) | 3(2) | 2@)* |4a) |1@*! 4a) | s@) | 50) 
I : i 410 | 2(10) | 3(2) 2(5)* | 4(1) 3(2)* | 5(0) 4(1)* | 500) 
Il 3 190 | 340 | 3(2) |50) | 4(2)* |50) | 4(2)* | 5(0) | 5@) |500) 
II 4 250 | 325 | 1(7) | 1(4) | 0(9)* | 2G) |26) |40) |10)* | 4) 
rT 5 20 | 328 (207) | 4a) lawe Iso |2@)*| 40) | 4a) | 50) 
u 6 175 | 375 |103) |30) |16) |s@) | 3(@)*| 500) |s) |s5(0) 

285 |200) | 2(7) | 4(1) | 34)* |50) | 4(1)* | 5) |41)* 
a ; 2s 435 | 3(2) | 1(32)* | 0(11)* | 2(5)_ | 2(3) Eta s0) |1(4)* 
IV 9 160 | 285 |4(5) |3(2)* |5@) |4@)* | 5) |50) |50) | 500) 
IV 10 400 400 | 3(10) | 4(1) 5(0) 3(2)* | 5@) | 5@) | 5(0) 5(0) | 
Iv 11 220 395 | 1(6) |2(5) 4(1) 3(3)* | 4(1) (1) 5(0) 3(2)* 
Iv 12 250 | 425 | 1(29) | 1(20) | 2(5) . | 0(10)* | 5) | 3(2)*| 50) |40) 


Note: In “discrimination training” columns, 
learning criterion; the second score (column 
Critical training” scores represent t 


blocks; reversals are marked by asterisks. Series I and IT present 


2) represents the number of trials 
he number of correct trials (with, in bracke' 


the first score (column 1) represents the number of trials required to reach the 


required before consistent transposition appeared. 
ts, number of errors made) on successive five-trial 
the more difficult discrimination (according to absolute theory) 


first, while Series III and IV present the easier discrimination first. 


RESULTS 
Rats No. 1 to 12 


The performances of the first 12 rats are 
summarized in Table 2. In critical training, 
every rat had at least one reversal, i.e., had, on 
one block, more errors and/or fewer correct 
trials than on the immediately preceding block. 
There was a total of 28 reversals all of which, 
with but one exception, occurred where the 
absolute theory had predicted. Group results 
also support this theory. Altogether, there 


disposed of. The first concerns the deduction 
from the relative theory of a smooth learning 
curve in critical training. Training alternately 
on two discriminations might, by itself, bring 
about unevenness in the learning curve, or 
unevenness might be present in any curve, 
even when only one discrimination was being 
learned. Of course, reversals produced in either 
way would have a random distribution so 
that, by itself, a possible alternation factor 
could not account for the systematic results 
obtained. It might, nevertheless, go some way 


<i, 


e 
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toward explaining them. The second difficulty 
is that some factor, quite irrelevant to the 
present issue, might, either alone or in com- 
bination with the effects of alternation, lie 
behind the systematic reversals obtained. 

The first difficulty can be settled by deter- 
mining whether reversals are a necessary out- 
come of alternate training. Eight rats (no. 
3 to 6, 9 to 12) were examined further on the 
two days after critical training. On those days, 
card X had 14-in. wide stripes of white paper 
pasted along its two diagonals. This was to 
reduce transfer effects due to learning in critical 
training which had involved X. The four Tats 
which, in critical training, had had series IV, 
had, on the first day, 20 trials on series I and, 
on the second, 20 on series IV. Like 


s wise, the 
rats which had had series II were given 20 
trials on series III and on series IT on, re- 


spectively, the first and s 


Curve on each of the tw 
Such, in fact, was the 


be answered if we 
lon of reversals is 
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each rat had transposed appropriately to the 
test pair, its reactions to isolated D and B 
were tested by alternate critical training. In 
both groups, different strengths of approach 
tendency to the two cards were revealed by 
both individual and group results. But the 
group of ten showed the stronger reaction to 
D, while the group of five showed it to B. 


Rats No. 13 to 15 


These rats, unlike the first 12, did not show 
transposition when it was tested for but showed, 
instead, consistent position preferences. „S9 
their performances are not relevant to the im- 
mediate theoretical issue. It is noteworthy, 
however, that these rats were deviant in ope 
other respect: they showed little VTE during 
training and none at all while being tested for 
transposition, This, in itself, could account tor 
failure to transpose. No matter how dinee 
the habit strengths of the two cards, if eae 
elicits approach and if the rat does not 100 
at both before jumping, a consistent ca" 
preference cannot be expected. 


DISCUSSION 


The experiment’s chief relevance for y 
study of discrimination behavior in rats 3- 
that it supports the absolute theory of ic 
position, It does not, of course, disprove, nS 
relative theory with regard to other she 
or deny, outright, relational perception. to 
the rat. Many factors undoubtedly enter at 
discrimination behavior. The performances ig 
rats 13, 14, and 15 show how receptor-orien a 
acts, notably VTE, may influence trans nce 
Now, the statement has been made that Si! o 
the absolute theory “rejects the necessity, 
any ‘comparison’ behavior, it implies for 
transposition should be equally prominent fio 
animals trained in a successive discrimina s 
situation and for those trained in a simultan® 
discrimination situation” (1, p. 378). Bub 6, 
the authors of that statement are aware ul- 
Pp. 381-382), in so far as successive and si™ 
taneous discrimination problems favor 50 
learning of different receptor-orienting 4¢ ent 
favor the learning of the same act to difen 
degrees, this implication of identical tra” 
does not follow from the absolute theory- the 

The experiment is relevant not only ja of 
relative-absolute issue but also to the issue 
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whether conditioned response generalization is 
a function of dimensional similarity, as Spence 
contends, or of “common elements.” A pro- 
ponent of the latter theory is Wolpe (11), who 
holds that the amount of generalization de- 
pends on the number of “afferent neurones” 
excited in common by the conditioned and 
nonconditioned stimuli. Wolpe states ex- 
plicitly that his theory “would flatly contra- 
dict Spence’s ... expectation that if the gen- 
eralized response to a stimulus close to the 
conditioned stimulus is extinguished, the gen- 
eralized response to a stimulus close to the 
other side of the conditioned stimulus in the 
same dimension will be found to be stronger 
than the response to the conditioned stimulus 
itself” (11, p. 9). It was Spence’s expectation 
which this experiment confirmed while the 
prediction of the common-element theory was 
not substantiated. i 

The experiment’s relevance for comparative 
psychology is more difficult to assess. In a 
previous study (4), children were trained in 
size discriminations and their transposition 
behavior examined. With even prelinguistic 
Ss, the results suggested that a relational 
organization underlay relational transfer. If 
these results mean that the relative theory 
holds for children, then it must be asked: why 
should rats conform to the absolute theory and 
children to the relative theory? Is the relative 
mechanism altogether absent in the rat and 
the absolute mechanism absent in the child? 
Or, do the two mechanisms coexist in one or 
both animal forms but manifest themselves 
under different conditions? Ascent of the 
Phylogenetic scale from rat to man might in- 
volve an abrupt change from one mechanism 
to the other; alternatively, it might involve a 
change, either gradual or sudden, in the rela- 
tive importance of the two coexisting mecha- 
nisms. Either way, comparative psychology 
will want to know where those changes take 
Place. 


497 


SUMMARY 

When applied to rats, the relative and abso- 
lute theories of transposition make, under 
certain conditions, qualitatively different 
predictions about the transfer behavior of 
individual animals. The present experiment 
sought to test the validity of those divergent 
predictions for each of 15 Ss trained to dis- 
criminate between two circles of different size. 
Of the 12 rats showing transposition, each be- 
haved in the manner predicted by the absolute 
theory. The three remaining rats did not show 
transposition, and in consequence their per- 
formances were irrelevant to the immediate 
theoretical issue. 
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NONSPATIAL DELAYED RESPONSE TO TRIAL-UNIQUE STIMULI IN 
SOPHISTICATED CHIMPANZEES! 


KEITH J. HAYES anD ROBERT THOMPSON? 
Yerkes Laboratories of Primate Biology, Inc., Orange Park, Florida 


A number of investigations (e.g., 5) have 
indicated that nonspatial delayed response 
(NSDR) is very difficult for chimpanzees. 
However, a single pair of visual stimuli has 
commonly been used throughout an experi- 
ment; and since test sessions ordinarily include 
a large number of massed trials, with frequent 
changes of stimulus polarity, retroactive in- 
hibition (or interference, or stimulus persevera- 
tion) may be added to whatever other factors 
may operate to depress performance. Since the 
test is intended to evaluate “immediate visual 
memory,” rather than susceptibility to retro- 
active inhibition, it would seem desirable to 
minimize the latter factor. This could be done 
by wide spacing of trials, or by use of a new 
pair of stimuli on each trial (trial-unique 


stimuli), The latter approach was used in the 
present investigation, 


With this procedure, each N 
be considered analogous to a 
tion problem which is run 
training trial (represented 
baiting Procedure) and a test trial (the choice 
after delay, in NSDR). Since naive animals 
(including man) make near-chance scores for 
the first few discrimination trials, it would be 
superfluous to test such Ss on trial-unique 
NSDR. (Replacement of the first discrimina- 
tion trial with the NSDR baiting procedure 
could hardly make for more effective learning; 
in fact, learning might, conceivably, be re- 
tarded by the absence of active Participation 
and/or direct reward.) We have therefore used 
chimpanzees that were already sophisticated 
in visual discrimination work and whose 
second-trial accuracy was well above chance, 

Harlow (1) has shown that sophisticated 
monkeys can do Significantly better than 
chance on trial-unique NSDR, with minimal de- 
lays. In the present work, longer delay intervals 
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SDR trial may 
visual discrimina- 
for two trials: a 
by the NSDR 


. . . pE ion 
were included, and spaced-trial discriminat 
problems were used for comparison. 


METHOD 


Our apparatus was the same as that used preron 
in discrimination learning-set work (4). It inclu nda 
horizontally sliding tray with two food wells, & 
vertically sliding opaque screen. i 

Our stimuli aes in from a supply of E tn 
hundred objects constructed of assorted combina Bion 
of scrap materials. They differed in form, ne ‘these 
and texture. It was necessary to use some 0 tri 
objects more than once, so they were not strictly airs 
unique; however, they were rearranged in new Pils; 
for reuse, and were reused only after long inter 
so they were presumably trial unique in effect. f 

Pach NSDR trial involved the following Steps: q 

1. Two new objects were placed over the pa 
wells in the sliding tray. The position of the c ined, 
object varied from trial to trial in a predeterm! 
irregular order, ed 
2. The opaque screen was raised, and S was we 
to see a piece of food being placed under the h the 
object. (Some Ss soon became reluctant to Bae e 
baiting. In such cases, E waited and coaxed RA ap- 
Was sure that S was at least looking toward 
paratus.) ion 
3. The opaque screen was lowered for the a 
of the delay interval (from 10 to 60 sec.). In ae were 
trials, the positions of the objects and rewar -shift 
interchanged during this period; these pos a 
trials were mixed with constant-position trials that 
irregular, predetermined order independent © 
which determined original position. as slid 

e screen was raised, and the tray Ue chos® 
forward to permit S to displace an object. If i 
correctly, the tray was retracted for about 5 SC 
Teturned to Permit correction of the error. by t 

Each S was introduced to this procedure A not 
transitional trials during which the screen W2 ject 
lowered, so the Ss could see the positions of © 
and reward 


5 e D0 
td being interchanged. These trials 2" 
included in the results, 


PRELIMINARY WORK 


ten 
_ All preliminary testing was done at the rate of 
“as pa session. ing set G 
on (17 years old ired a learnin: i 

which enabled him D A MEn problems “eg 
ond-trial accuracy. He was gvo sec 
ch, at delays of 10, 15, 25, and ‘or for 
100 trials at 60-sec. delay. His SC 


E cura 
these 140 trials Was 89 per cent correct. His 8° 
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Temained essentially constant throughout the 14 
sessions. 

Frans (6 years old) was first tested on NSDR after 
completion of the first phase of his discrimination set 
training (4), when his second-trial accuracy was about 
82 per cent. He was given ten NSDR trials each, at 
delays of 10, 20, 40, and 40 sec., and averaged 75 per 
cent correct. He was then given 60 trials at 60-sec. 
delay, and averaged 68 per cent correct, with no im- 
provement during this period. 

When Frans had completed the second phase of dis- 
crimination set training, and reached a second-trial 
accuracy of 98 per cent, he was again tested on NSDR, 
with 10-, 30-, and 60-sec. delays mixed, within each 
session. He was given 80 trials at each of the shorter 
intervals, and 160 trials at 60 sec. The results are shown 
as a solid line in Figure 1. The relationship between 
delay interval and accuracy is not highly significant 
(p = .15). There was no indication of improvement 
with practice. It was noted that Frans was often re- 
luctant to watch the NSDR baiting. 


% CORRECT 


=| 
3 


FRANS 
(pretiminary work) 


a 
Ss 
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DELAY INTERVAL, SECONDS 


mination prob- 


Fic. 1. Forgetting curves for discri 
5 5 atial delayed 


lems (dashed lines) and trial-unique nonsp: 
- response (solid lines) 


Frans’s lower accuracy with longer delays suggested 
a small amount of forgetting during the delay interval. 
To determine whether such forgetting might also 
occur after the first trial of a discrimination problem, 
Frans was next run on 80 two-trial discriminations, 
with a 60-sec. delay between trials. His second-trial 
accuracy is shown as a function of intertrial delay bya 
dashed curve in Figure 1. (The first point on this curve 
is based on his previous discrimination work [4], where 
the delay had been minimal—something less than 10 
sec.) The relationship between delay interval and 
accuracy is not statistically significant, but there is a 
reliable difference between the two procedures, with 
60-sec. intervals (p = .05). 


FINAL EXPERIMENT 


Kathy (3 years old) and Hank (7 years old) were 
peted after completing training on discrimination 
earning set (4) and concurrent discrimination (3). 


Method 


on session consisted of three NSDR trials at 
each of three delays, 10, 30, and 60 sec., plus three 
two-trial discrimination problems with each’ of these 
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delay intervals between trials. Discrimination problems 
alternated with NSDR trials, and delay intervals were 
distributed evenly throughout each session. There were 
thus 27 trials per session, of which 18 (the NSDR trials 
and discrimination test trials) provided data. Testing 
was continued until each S had accumulated 600 data 
trials—100 NSDR trials and 100 discrimination test 
trials at each of the three delay intervals. 


Results 

Figure 1 shows accuracy as a function of 
delay for each S and procedure, individually. 
When data for the two Ss are pooled, the rela- 
tionship between accuracy and delay is 
statistically significant (p < .05 for NSDR, 
and p < .01 for discrimination). 

Hank’s performance was almost identical 
for the two procedures, but Kathy did signifi- 
cantly better on discrimination than on NSDR 
(p = .01). It was noted that Kathy was often 
very reluctant to watch the NSDR baiting, 
while Hank was exceptionally willing to do so. 

There was no indication of improvement in 
performance during the period of testing. 


DISCUSSION 


Although chimpanzees with learning sets 
can learn a new problem in one trial, they do 
not necessarily learn it very well, much less 
overlearn it. It is not surprising, therefore, 
that an appreciable amount of forgetting 
occurs during the next 60 sec., as shown in the 
broken lines of Figure 1. Harlow and Warren 
(2) have obtained similar results with monkeys 
for those problems where the first trial was 
correct, although, when the first trial was in- 
correct, second-trial accuracy was independent 
of the intertrial delay. (We have replotted the 
discrimination curves of Figure 1, with the 
second trials segregated according to the cor- 
rectness of the first trial. There was no apprect- 


able difference between the curves for first trial 


correct and those for first trial incorrect. This 


may be related to our use of delayed correction 
procedure, which makes all trials correct,” 
in the sense that they end with S’s displacing 
the correct object and obtaining reward.) 
Patton, Koskoff, and Miller (6) have re- 
ported no influence of intertrial delay on 
second-trial accuracy; however, their shorter 
delays were used first and longer ones last, so 
that practice effect may have obscured the 


issue. 


Our results suggest that  trial-unique 


- NSDR is no more difficult than discrimination 
learning, provided that S perceives the baiting 
in NSDR. The chimpanzees that were highly 
attentive to baiting (Don and Hank) displayed 
essentially the same performance with both 
procedures. Those that were reluctant to watch 
the baiting (Frans and Kathy) performed less 
accurately on NSDR than on discrimination, 
but showed no appreciable difference in rate of 
forgetting. 3 

When S is required to displace an object on 
the first trial of a discrimination problem, we 
may be reasonably confiden 
the object and the baited or empty food well 
beneath it. In NSDR, however, it is quite 
Possible for S to look the other way during 
baiting, and some Ss do. The E’s attempts to 
attract S’s attention to baiting are not always 
entirely successful, even though S$ does look 
in the right general direction. í 


SUMMARY 


_ Four chimpanzees with discrimi: 
ing sets were tested on ni 
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baiting. 


t that it perceives. 


Tr ae 


Rate of forgetting during the first minute 
was essentially the same for nonspatial delayed 
response as for discrimination. Over-all ac- 
curacy of performance was also essentially the 
same for those Ss that were attentive to 
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